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ABSTRACT 
The community metabolism of the waters in the vicinity of 
C. P. Crane electric power generating station is reported for two seasonal 
periods in 1979. The early autumn period (October) is generally 
characterized by warm water temperatures (20°C) and an insolation 
period of 11 hours; the late autumn period (December) is generally 
characterized by cold water temperatures (4-6°C) and an insolation period 
of approximately 9 hours. Both sets of observations, were taken during 
periods which were significantly influenced by winds. 
Comparisons between diurnal studies of dissolved oxygen 
and gross productivity during the October period indicated that the 
community metabolism of intake and outfall waters are very similar 
when the heat burden on the outfall waters is minimal. Phytoplankton 
variability (measured as chlorophyll a) showed greater variation 
between waters of the Gunpowder River and Saltpeter Creek than between 
Seneca Creek and Saltpeter Creek and a periodicity with the tidal cycle 
(higher chlorophyll!. with high waters) in the intake anchor station. 
During the December period, comparisons between diurnal 
studies of dissolved oxygen and gross productivity for the intake 
waters indicated: 
1. Supersaturated values of dissolved oxygen in the water 
column throughout the entire time period, probably 
reflecting import of oxygen-rich Bay waters. 
2. Minimal gross productivity during this peri~d of low 
water temperatures and short period of insolation. 
For the outfall waters, these comparisons indicated: 
ii 
1. Varying periods of dissolved oxygen undersaturation 
(>93%) and supersaturation in the water column. 
2. Greater gross productivity in the water column of the 
outfall waters which are receiving heat discharge from 
the generating station. 
3. Depression in the gross productivity associated with 
corresponding decrease in water temperature caused by 
inflow of tidal waters from the Gunpowder River. 
With respect to community metabolism in the vicinity of 
the C. P. Crane electric power generating station, these studies may 
be swmnarized overall as two control periods: 
1. The early autumnal period of high ambient water 
temperatures, moderate insolation and relatively high 
phytoplankton biomass in both intake and outfall with 
no heat burden in the outfall waters. Thes.e conditions 
were conducive to identifying the similarity and appro-
priateness of choosing intake and outfall stations during 
a period of active community metaf>olism which is 
estimated as contributing 15.82%. of the oxygen content 
of the. water column at the intake anchor station (SC2}. 
and 16. 26% of that at the outfall anchor station (P04). 
2. The late autumnal period of low ambient water temperature, 
minimal insolation, and low phytoplankton biomass, 
conducive to identifying the effect of heat input into 
the outfall waters during a period of minimal community 
metabolism which is estimated to be <5% of the oxygen content 
of the water column. 
iii 
PREFACE 
This report is submitted as a collection of data analysis 
of two field endeavors during 1979 in the vicinity of the C. P. Crane 
Electric Power Generating Station in fulfillment of Contract P37-80-02 
between the Virginia Institute of Marine Science and the Power Plant 
Siting Program, Department of Natural Resources, State of Maryland. 
The concentration of effort has been oriented primarily to 
assessing the appropriateness of this preliminary design study as a 
precursor to a more intensive effort using the C. P. Crane Electric 
Power qen·erating Station and its environs as a model generic system 
for assessing effects of waste heat loading on an oligohaline_ estuary. 
This project was designed for mid-summer, early-winter and 
spring conditions. Administrative matters precluded mid-summer sampling 
and natural events beyond the control of the participants necessitated 
redirection of the field effort. 
Revised 2/81 
J.>aul L. Zubkoff 
June 15, 1980 
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1.1. Introductory Remarks 
The operation of any industrial activity which utilizes 
large volumes of water for cooling purposes may produce changes in 
the immediate environment. In recent years, the withdrawal of greater 
quantities of water for cooling purposes associated with electric 
power generation has increased and the availability of suitable sites 
which do not impinge on other connnercial and recreational activities 
has diminished. Therefore, it has become necessary to identify more 
clearly the effects of such industrial activities on the environment 
and its competing uses. 
The results of preliminary studies on the community metabolism 
in the vicinity of the C. J. Crane electric power generating station 
are reported herein. In the ensuing discussion, bhe definition of 
c.ammun,U;y me:t.a.bail..6m invoked in this report is c.om.ldeJc.e.d i:o be .that 
agg1e.e.gd:te o 6 metaboUc. ac.t.lv.l:ty o 6 the ounc..ti.on,i.ng biot:a. .ln the wa.te.Jt 
column which ~ man.lout i.n dl6c.eJUU..ble ch.a.ngu ol dls.6olved oxygen 
.ln .the wa:ttvt. column dwci..ng :the di.wind Cljcle. Those changes, which 
reflect the difference in the balance of primary production of oxygen 
by autotrophs and the respiration by microscopic organisms, are 
dependent on such important parameters as insolation and temperature 
of the water column. Hydrographic and meteorological factors such as 
winds, sea state, and induced effects resulting from tidal fluctuations 
may also significantly effect the connnunity metabolism. Other factors 
which help describe the conmunity include niomass and community com-
position and structure. However, the description of community com-
position and structure are outside the scope of this work. 
1 
Periods of intensive observation were made during September, 
October and December of 1979 for the purposes of identifying the ambient 
community metabolism and the effects, if any, of heated electric power 
generating plant effluent. Sampling for meteorological and hydrographic 
variables and chlorophyll .!,, as a measure of the. Mo.mass of the pnyto-
plankton population, were undertaken at selected stations in the Seneca 
and Saltpeter-Dundee Creeks. 
The September sampling was initiated prior to the passage 
of Hurricane David. Unfortunately, Hurricane Davi.d forced the 
interruption of this late summer study period, by causing atypical 
environmental conditions and hazardous working conditions. 
The October sampling was undertaken during a period of 
relatively warm water temperatures and under insolation conditions 
typical of autumn and not sUDDRer. The. December sampling was undertaken 
during a cold water period when insolation was close to the annual 
minimum. 
2 
Such an ecosystem with additional heat burdens may no longer 
be as productive for favorable species and may be overrun with large 
populations of nuisance organisms which have the ability to survive. 
In some cases, these nuisance organisms may severely impact on 
recreational uses. In any case, the ultimate effect may be a greatly 
impacted ecosystem with diminished aesthaticvalue which. may cause 
economic hardship for those affected individuals who have traditionally 
utilized the resources in a renewable manner. 
3 
1.2. Objectives 
The results of this study of community oxy·gen metabolism 
will ultimately be used to assess the effects of the C. P. Crane 
electric power generating station on the immediate environs of 
the aquatic comn11.mity in accordance with the State of Maryland Code 
08. 05. 04: "The waters of the State shall at all times lie free of 
•••• high temperature •••• or other waste in concentrations or 
combinations which interfere directly or indirectly with.water uses, 
or which are harmful to human, animals, plant or aquatic life." 
Community metabolism is identified by changes in the dissolved 
oxygen content of the water column over the diurnal cycle. In this 
preliminary study of th~ effects of the C. P. Crane electric power 
generating station on the community metabolism of the water column, 
the objectives include 
(1) Th.e identification of those factors whi.ch. normally 
contribute to the dynamics of communi.ty metabolism 
in the water column at ambient temperature. 
(2) The measurement of the response of those identified 
factors contributing to th.e dynami.cs- of community· 
metabolism which are affected by tfi.e fi.eated 
effluent discharges produced by the. electric power 
generating station. 
Th.e specific objectives of this limited study of cotIDDunity· 
metabolism in the fresh-water to oligohaline estuary are: 
(1) To identify the major factors contrihuting to the 
changes in community metabolism as reflected by the 
dissolved oxygen content of the water column. 
4 
(2) To identify the seasonally dependent maxima and minima 
of community metabolism in the water column during 
2 seasonal time periods, a warm water temperature period 
(October) and a cold water temperature period (December). 
(3) To partition those differences in community metabolism 
which are naturally-occuring from those tnat are directly 
attributable to the discharge of the electric power 
generating station. 
The water temperature of the estuary is a dominant factor in 
maintaining a balanced ecosystem. The normal climat:tc and seasonal 
variations serve as moderating influences on o.iological activities 
involving community production (conversion of inorganic to organic 
materials), consumption, and nutri.en.t cycling. Within limits, additional 
heat may enhance primary production by stimulating pnotosythetic pro-
duction and decreasing generation times of the biota. However, ad-
ditional heat in the environment also stimulates respiration and 
such other energy consuming activities such as swimming, feeding and 
growth rate among effected organisms. The normal succession of endemic 
species may be accelerated tmder some conditions of additional heat; 
however, in the case of large additions, or additions at critically. 
important times to organisms (such as ovulation and reproduction), 
interruptions in succession or reproduction may occur, resulting in an 
imbalance in the ecosystem. Furthermore, a critical metabolic period 
for many organisms occurs at summer high temperatures, close to their 
natural limit of survival- Hence, an additional increment in temperature 
resulting as a by-product of electric power generation may cause 
additional metabolic stress. 
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1. 3. CoDllllunity Metabolism of Receiving Waters 
The analysis of community metabolism has been utilized for 
the study of other power plant discharges. McKeller [1975, 1977] 
studied the discharge of th.e Crystal Ri:ver Power Plant, a two-unit 
station with a combined generating capacity of 897 megawatts, located 
on a sub-tropical estuary of the. Gulf Coast of Florida. Cory {1974, 
1975, 1978] reported cmmnunity metabelism for tw~ locations in the 
Chesapeake Bay: the Rhode River-West River estuary and the Chalk Point 
Power Plant site on the Patuxent River. In yet anotbe.r study on the 
Chesapeake, Boynton et al. {1978] measured community metabolism in 
the vicinity of the Calvert Cliffs Nuclear Power Plant. Of those 
studies, the Rhode River-West River {CORY,_ 19.75, 1978] and the Kenwood 
Beach shallow water site [BO'YN~ON et al., 1978] .more nearly approximate 
that of the C. P. Crane reported herein with. respect to climate and 
water column depth; however, the salinity regimes differ from that 
of the C. P • Crane site ( <1. 00 o / oo to <5. 00 o / oo} • However, tliese 
studies on the Patwcent RiYer [CORY,_ 1974], the. Cliesapeake Bay {BOYN'.190N 
et al., 1978], and the Rhode RiYer-West R:lver [CORY,_ 1975] were all at 
mesohaline·er.ltes. 
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1. 4. Overview of Results 
The results of this preliminary study of community metabolism 
in the vicinity of the c. P. Crane power generating station are 
described in this final report. The data from one aborted 
and two completed field studies are reported: 
September 19 79 
A period of late summer insolation, warm wa~er temperatures, 
and a relatively high phytoplankton abtnidance. 
October 1979 
A period of intermediate insolation, warm water temperatures, 
and relatively high phytoplankton abundance. 
December 1979 
A period of almost seasonably minimal insolation, cold 
water temperatures, and a relatively low phytoplankton abundance. 
It should fie noted tnat unusual -meteorological condi.tions 
were associated with each study period: 
(1) Th.e Septemo.er study was interrupted '6.y Hurricane David 
whica caused considerable damage to equipment and 
necessitated a medesign of the. project in order to 
complete field work in a shorter time frame by· sampli:llg 
simultaneously in both the intake and outfall waters·, 
rather than sequentially as initially proposed. 
(2) The October study was undertaken following a period of 
intensive precipitation (October 2, 19791 in the 
immediate environs. 
(3) The December study was undertaken following a period 
of several days when intensive winds (>20 mph} from 
the north prevailed. These winds, coupled with the 
spring tides, contributed to the extremely low volume 
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of water in the study area. The stations POl, P02, and 
P03 in the outfall receiving waters, which have often 
been sampled during the studies of the past 1-1. 5 years, 
were too shallow for the sampling vessel to navigate. 
In addition, the depth. of the outfall anchor station, 
P04, at times, was only 1 meter deep. 
1.4.1. September 1979 
Because this study period was interupted 6.y Hurricane David, 
the full collection of data could not be ootained. The water colunm. 
parameters at the intake anchor station (SC2} on 5 September 19.79 were 
Temperature I °C] 
Salinity Io/oo] 








Water column parameters on the intake and outfall sides. 
were obtained for selected stations from 10-13 Septemb.e.r 1979. using 
early morning and mid-late day measurements of dissolved oxygen. 
The water column characteristics were 
OUTFALL {P05/P06] INTAKE ISC2] 
low high low ~· 
Temperature [°C] 22.50 26.62 22.55 24. 70 
Salinity [o/oo] 2.15 3.31 2.48 3.36' 
Dissolved Oxygen [mg .e.-1] 5.54 10.17 6.70 10.40 
1.4.2. October 1979 
The October study period may best be descrioed as a time 
of warm water conditions with temperature at the intake anchor station 
(SC2) ranging from 19.8 to 21.0°C, salinity from 1.8 to 2.5 0/00, and 
dissolved oxygen from 7.8 to 9.7 mg .e.-1. At the outfall anchor station 
(P04), temperatures ranged from 20. 8 to 23. 9.5°C, salinity· from 1. 44 
8 
to 1. 9.6 0/00, and dias.olved oxygen from 7. 8 to 9.. 7 lll8 .e.-1• During 
the field sampling, it was oliv:tous'. that tli.e power plant was not 
operating at or near capacity. 
·Because the power generating atation was not f.ully· opexat~g 
during the time of this study, it was thus. possihle to identify those 
environmental factors which. 
(1) were the same or very s:tmilar to Iioth. the intake. and 
outfall waters - insolation, tide stage, water 
temperature and salinity. 
(2) varied at comparable times when the obaervations were 
made - wind, sea state, suspended solids and 
chlorophyll .!• 
Indicators of community metabolism (dissolved oxygen and 
productivity) were comparable in floth. the intake. and out.fall when 
there was no·i...significant heat flurden placed on the receivi'llg waters:. 
Because the heat burden on th.e receiving waters was. minimal 
during this study period, the results of this study may he interpreted 
as a warm seasonal period when th.e nonnal environmental events dominated 
the connnunity metabolism. 
Dissolved oxygen of the surf ace intake waters which- were 
open to the Bay reached their diurnal maximum in th.elate aftemoon 
(-1700) and their diurnal minimum was in the late morning (1000-llOQ), 
whereas those of the more protected outfall reaclie.d their maximum in 
midday (1500) and their minimum in late morning (1000). 
Gross productivity (mg o
2 
.e.-1h-l) reached its .maximum during 
the midday (noon) period and their miniml.Dll during the night (-1100, as 
measured at the outfall and inferred at the intake}. 
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The productivity measurements on the intake and the outfall 
waters, as determined f>y dissolved oxygen measurements and light/dark 
bottle in ~.ltu. incubations, and the productivity/respiration ratio 
(P/R) were in close agreement. 
The chlorophyll .!. of the surface waters at the outfall outer 
array stations (P06, P07) was greater at the times of high waters, 
possibly more influenced oy the tidal circulation associated with the 
flood waters of the Gunpowder River. A low chlorophyll_!. level 
at the time of low water (noon) was noted at P06 in the outfall waters. 
A marked periodicity in the chlorophyll .!. levels was noted at the 
intake anchor station (SC2) and also inferred for the. outfall ancnor 
station (P04). The high clustering of the chlorophy·ll !. values was 
coincident with the high waters (at dawn and dusk) and 1Jdnimal 
chlorophyll!. values were observed at times of low waters- (noon and 
mi.dnight). These clusterings of chlorophyll !. values at periods of 
tidal excursions strongly indicate the necessity to de~ sampling 
for phytoplankton with res.pect to periodicity of tidal events. 
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1.4.3. December 1979 
The December 1979 period may best be described as a cold water 
temperature period when insolation was close to the annual minimum. 
The temperature ranged from 4.5 to 5.7°C at the intake anchor 
station (SC2) and from 4.S-9.4°C at the ouffall anchor station (P04); 
the salinity ranged from 0.15-1.4 o/oo at the intake anchor station 
(SC2) and 0.8-1.3 o/oo at the outfall anchor station (P04); dissolved 
oxygen was above saturation at both intake (SC2) and outfall (P04) 
anchor stations; and chlorophyll.!. range~ from 8.37 to 14.39 µg t-1 
at the intake anchor station (SC2) and 14.0 to 22.0 µg t-1 at the 
outfall anchor station (P04). The temperature at the outfall was 
considerably greater than that of the intake, and showed minimal 
temperatures coincident with periods of high water. 
The chlorophyll.!. of the receiving waters was considerably 
(~-fold) greater than that of the intake waters. Gross productivity 
(mg o2 t-lh-1) in the intake was minimal whereas that of the outfall 
was significantly greater and showed greater production during the 
day than during the night. Both, the increases in gross productivity 
and chlorophyll.!. (biomass) in the outfall were undoubtedly attributable 
to the elevated temperature of the receiving waters in the outfall. 
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1.5. Summary of Results 
The results of the October and December field studies may 
best be identified as two control periods for evaluating the effects 
of the heated effluent on the waters in the vicinity of the c. P. 
Crane electric power generating station: 
October 1919 
A seasonally warm water period of minimal effect of heated 
plant discharge (due to the plant being out of operation) which 
provided an assessment of the intake and outfall waters under close 
to ambient conditions. 
December 1979 
A seasonally cold water period when the community metabolism 
was at a minimum in the intake waters. This community metabolism 
was increased in the outfall waters as a direct result of the· increased 
heat load placed on the receiving waters. 
In addition, the variabili.ty of quantities of chlorophyll .! 
in the waters showed a strong periodicity with tidal stage in the 
October study, and the temperature showed a distinct response to 
tidal stage in the December study. Future studies for quantifying 
phytoplankton in the vicinity of the C. P. Crane electric power· 
generating plant should sample in a manner such that the periodicity 
of tidal effects should be minimized. 
12 
2.0. RATIONALE OF SAMPLING DESIGN 
The C. P. Crane Electric Power Generating Station is situated 
between two tidal creeks with flow contiguous with the Gunpowder 
River, a tributary of the Chesapeake Bay. The waters of this segment 
of the Chesapeake Bay estuary are oligohaline and sometimes fresh, with 
origins primarily from the Susquehanna drainage basin. Cooling water for 
~he ganerators is ohta:lned from the Seneca Creek. and heated effluent 
discharged into the Gtm.powder River via the Saltpeter-Dundee Creek 
system. The heated discharge, at times of flood tide, may enter 
Dundee Creek.. Both the intake and outfall creek. systems are relatively 
shallow with depths of 1-2 meters. Deeper waters, up to 4 meters, 
exist in the channels. (Figure 2.1). When the power station is in full 
operation, cooling water is pumped from Seneca Creek. at the rate of 650 
ft3 s-1 (18.4 m-Js-1) into Saltpeter Creek.. The volume of water 
equivalent to that of the intake and discharge creek.. systems may be 
displaced in 1-2 days [BINKERD et al., 1978]. 
Because fhe intake and receiving waters are subject to 
tidal oscillations, and the single dominating factor for autotrophic 
production is insolation, it is essential to nave synopti.c observations 
completed at similar stages of the tidal cycle in order to identify 
and quantitatively assess contributions from other factors. Furthermore, 
because observations on diurnal fluctuations of seasonal community 
metaholism minima and maxima are to he observed, nighttime observations 
during the winter impose the greatest limitations· on field sampling 
because the period of insolation is shortest and the water colunm. is 
at its shallowest. 
In order to couple the diu%nal and tne· tidal cycles, two 
brief periods of observation are available during the lunar cycle for 
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synchrony. In addition, with observations restricted to the period 
of significant lunar illumination to facilitate nighttime navigation 
in shallow waters, only one such period exists monthly. Thus, the 
observation· periods were selected in which the p~edicted dawn and 
dusk would be nearly coincident with high waters, and approximate 
times of midday and midnight nearly coincident with low waters. 
Because the predicted slack-before-ebb (SBE) and slack-before-
flood (SBF) were approximately those times (within one-half hour) 
predicted for high water and low water, respectively [NOAA, 1979], 
sampling according to the tidal events was great~y simplified. 
In order to effectively measure the diurnal periodicity, 
two modes of s9¥lpling were undertaken: 
2.1. Temporal (Anchor Stations) 
To observe variations of the community metabolism in 
the water column which were dependent upon the duration and 
intensity of the daylight cycle, measu~ements were made 
at anchor stations in the intake (SC2) and outfall (P04) 
waters at short intervals (as close to 2 hours apart as 
practicable) over the entire day (24 hours). 
2.2. Spatial (Array Stations) 
To observe variations of community metabolism at 
various locations in relation to intake and outfall, 
stations which were more distal or proximal were sampled 
at defined periods during the diurnal cycle (as close to 
dusk, dawn and noon, as practicable). 
With sampling occurring simultaneously in the intake and 
the outfall array stations, at times of dusk= high waters= slack-
before-ebb and dawn= high waters= slack-before-ebb, the var4ations 
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associated with tidal stage fluctuations were minimized during the 
warm study period (October). The coupling of tidal cycle with daylight 
periodicity was less ·stringent during the cold study period (December) 
primarily because of the significantly shorter daylight period. In 
addition, the community me~abolism was anticipated to be near the 
seasonal minimum because the temperatures of the intake waters would 
be approaching their seasonal low. 
In order to undertake these diurnal studies, the sampling 
stations were selected, when possible, to correspond to those used 
previously [GRANT & BERKOWITZ, 1979]. The site, SC2, in Seneca 
Creek, located between stations Pll, PlO, and Pl2, served as the 
anchor station for the intake diurnal study. At periods of dawn, 
dusk and midday, array sampling was undertaken with selected measure-
ments for productivity at 3 stations (Pll, SC2 and PlS); meteorological, 
hydrographic data and particulates (suspended solids and chlorophyll a) 
were measured at all 4 intake stations (including Pl2) when the arrays 
were undertaken. 
In a similar manner, the station, P04, in Saltpeter Creek 
on the outfall side, served as the anchor station for the diurnal 
study. Seven array stations (P01-P07) were included, with P02, 
P04 and P06 selected for productivity, meteorology, hydrography, and 
suspended solids measurements. Additional stations, POl, P03, POS 
and P07, were sampled for meteorology, hydrography and particulates 
(suspended solids and chlorophyll a). During the December sampling, 
stations POl, P02, and P03 were inaccessible due to the prolonged strong 
winds blowing from the north and the extremely low tides. 
In order to approach simultaneous measurements, two small. 
vessels staffed by two field crews carried out the sampling and 
observations. 
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C. P. CRANE 
Electric Power 
_Figure 2.1. Study area showing the C. P. Crane Electric Power Generating Station, Seneca Creek, 
Saltpeter-Dundee Creek System and Gunpowder River. 
3. 0. METHODS 
3.1. Observations and Simpling 
Sampling for community 111etaoolism was completed during two 
seasonal periods (October and December) in order to describe (l} the 
diurnal (tempural) periodicity and (2) the spatial distrioution in 
the study area, as mentioned previously (2.0 Rationale of Sampling 
Design). The environmental (cloud cover, wind, insolation) ·and water 
column (sea state, tidal height, secchi deptlL, temperature, salinity, 
dissolved oxygen, chlorophyll a and suspended solids) parameters are 
described below and sununarized in Table 3.1. 
3.1.1. Atmosphere 
3.1.1.1. Sky 
The sky conditions were scanned and arbitrarily sub-
divided into 4 classes: clear, partly cloudy and 
percentage of cloud cover, hazy, and overcast. 
3.1.1.2. Insolation 
Insolation was measured as langleys h.-1 with a photo-
meter (Dodge Instruments). In addition, light was 
recorded with a quantum photometer inµ€ m-2s-1 
(Li-Cor 188) • 
3.1.1. 3. Wind 
Wind velocity (mph) was measured with. an anemometer 
(Dwyer Instruments). 
3.1. 2. Water Column 
3.1.2.1. Sea State 
The sea state was qualitatively suo-divi.ded into 5 
levels: calm, ripples, slight chop, moderate chop, 
and white caps. Th.e distinction l>etween moderate. 
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chop, and white caps was. subjective and interpreted 
by the observer. 
3.1. 2. 2. Tidal Height· 
When possible, tidal height was noted by observing 
the markings on a tide staff or the depth of the water 
column attained with. a water sampler or probe. 
3.1.2.3. Secchi 
Secchi disc measurements were made on the shady side 
of the vessel without visual aids when possible during 
dayligh.t hours. 
3.1.2.4 Temperature 
Temperature (°C in 0.1} was measured with. either a 
Beclanan RS-5 induction salinometer (intake, September 
1979) or a YSI Model 57 dissolved oxygen probe at 
the other times. The instruments us.ed determined 
temperatures and reference solutions within 0.1°C. 
Measurements were made at surface, 2 meters, and bottom. 
3.1~2.5. Salinity 
Salinity was measured in p~rts per thousand (0.1 0/00) 
with a YSI Model 33 S-T-.C conductivity lllete~ in October 
and December. Data for. the Septemb.er intake stations. 
were collected with. a Beclonan RS-5. 
3.1.2.6. Dissolved Oxygen 
Dissolved oxygen measurements just below the surf ace 
and in the water column were measured with the YSI 
Model 57 dissolved oxygen meter equipped with polaro-
graphic probes with stirrers. 
Dissolved oxygen for productivity measurements was 
performed using the azide modification of the Winkler 
titration method. Water samples were fixed in the 
field and returned to the laboratory for titration 
{American Pu'hlic Health.Association, 1975). 
3.1.2.7. Chlorophyll.!. 
Fifty ml of the water sampled were filtered under low 
vacuum in the field using Wbatman GF / A glass fibre 
filters, and then frozen on dry ice for analysis in 
the laboratory. After extraction with 90% acetone, 
the fluorescence measurements for chlorophyll.!• and 
phaeophytin, were made using a Turner Model lll 
fluorometer equipped and calibrated according to the 
procedure recommended by EPA using UNESCO_:-SCOR equations 
[STRICKLAND & PARSONS, 1972]. 
3.1.2.8. Suspended Solids 
One hundred ml of samples foT suspended solids were 
filtered on washed and preweighed Mi:lltporeR filters 
back at the laboratory. After oven drying at 55°C and 
maintaining dry in a vacumn dessicator, the samples 
were again weighed using a Sartorious Balance to 
the nearest 0.1 mg. 
3.1.2.9. Oxygen Demand 
Replicate samples (7 5 ml) were olita:tned from tlie 
surface water (top 0.5 m) by bucket. The times of 
sampling were approximately high water, maxi11lll1D. ebh, 
low water, maximum flood and again at h:tgb. water at the 
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anchor stations. The initial samples were fbed 
for dissolved oxygen content; the remaining samples 
were incubated at ambient t_emperature :tn the dark for 
approximately 24,.48, 96 and ~20 h (October) and after 
24, 48, 96, 120 and 240 h (Decemher), then fixed, and 
titrated for remaining oxygen content. The rate of 
oxygen utilization per unit time (Jug o2 t-lb_-1) was 
measured by regression analysis. 
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3.2. Productivity Measurements for Community Metabolism 
A technical objective of this preliminary study of comm.unity 
metabolism. involved the comparison of techniques in order to identify 
(1) the most effective methods for assessing community 
metabolism for studies which would be carried out in the 
future, and 
(2) to what extent retrospective analysis of reported 
dissolved oxygen measurements may be utilized for 
reconstructing the probable collUllunity metabolism of 
an impacted site. 
For these productivity measurements, the classical light/dark 
bottle technique was used. A sample of surface water (top 0.5 m} 
obtained by bucket was sub-divided into each. of 3 seventy-five ml 
culture tubes: the first was fixed for measurement of the ini.tial 
dissolved oxygen content of the water sample and the remaining 2 
(one light tube and one dark tube) used for incubations. Three 
separate samples were taken to provide replicates for each- determination. 
Incubation tubes were th.en suspended in the water column at 0.5 m 
for various time periods, as described below. At the termination of 
the incubation period, the tubes were retrieved, fixed and returned 
to the laboratory for titration of dis~olved oxygen using the azide 
modification of the Winkler method. 
This basic productivity measurement was employed, us~ng 3 
different incubation times (6-hour, half-day, and full-day incubations.}. 
3. 2.1. Diurnal Curves 01r Temporal Series 
The 6-hour productivity measurements permitted (ll the 
comparison of full diurnal curves (temporal series} at the intake 
(SC2) and outfall (P04) anchor stations, anct (2) the identification 
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.,. 
of periods of net productivity (productivity> respiration), periods 
of net utilization (eespiration > production} and periods of balance 
(respiration= utilization). At the anbhor stations (SC2 and P04), 
samples of surface waters (top 0.5 m) were obtained by bucket at 
3 hour intervals, sub-divided into tubes, attached to floats and 
incubated for 6-hour periods at O. S m. The oxygen content ·was then 
fixed at the end of the incremental period in order to measure the 
net formation, utilization or balance of oxygen for that period • 
Sampling started at dawn (October) or dusk (December) and continued 
for a full day. 
3.2.2. Spatial Arrays 
Because the array stations were frequented at selected 
times during the tidal-diumal cycle~ productivity measurements were 
undertaken for longer incubation periods (half-day and full-day periods) • 
Samples of surface waters (top 0.5 m) were obtained by bucket and 
sub-divided into tubes, attached to floats, and incubated at 0.5 m, 
as described above. 
3.2.2.1. Half-day incubations 
In order to measure the net photosynthetic production 
and respiration of the water column, half-day incubations 
were initiated at dawn and terminated at dusk at the 
array stations (Intake: SC2, Pll, PlS; Outfall: P02, 
P04, P06). Similarly, the net respiration of the water 
column was determined using half-day incubations 
initiated at dusk and terminated at dawn. 
3.2.2.2. Full-Day Incubations 
When possible, the net production and respiration during 
the full-day period (24 h) was measured using surf ace 
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water samples (top 0.5 m) at the anchor stations (SC2 
and P04}. Samples were obtained from the surface 
waters, as described above, attached to floats and 
set in the water column at 0.5 m. Samp~ing was initiated 
at either dawn or dusk, and incubated until the following 
dawn or dusk, respectively. Such measurements could 
be used to ascertain variability associated with the 
photosynthetic period either preceding or following 
the period of respiration. However, such incubations 
do not account for differences associated with biological 
populations in the water coiumn at the times of sampling. 
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3.2.3. Conversions of Productivity Measurements 
The measurements of dissolved oxygen have volumetric units 
of mg o2 t-1 at the ambient temperature and salinity. The percentage 
saturation was calculated by using the fomula for the solubility of 
oxygen in sea water [TRUESDALE, DOWNING & LOWDEN, 1955]. 
Volumetric measurements of dissolved oxygen (mg o2 t-1) were 
converted to areal measurements by using mg o2 t-1 E g o2 m-3 and 
dividing by the water column depth in meters. · Tims, the g 02 m-3 = 
g o2 m-2 at a depth of 1 meter and twice as great when integrated 
through the water column of 2 meter. This approximation was used 
throughout for all productivity measurements. To convert productivity 
from mg o2 t-lh-1 to mg o2 t-ld-1 the rate was multiplied by [ (dusk-dawn) 
-2] h of daylight, because of the low angle of insolation (during 
October (h=9 h) and December (h=7 h). Respiration on a daily basis 
(mg o2 t-1tl) was calculated hy multiplying by 24 h. d-1. 
To convert g o2 m-2d-1 to the carbon equivalents, oxygen 
value was multiplied by the factor of ~~ which. assumes p:iphotosynthetic 
quotient= 1 [RYTHER, 1956]. 
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Table 3.1. Observations for preliminary study of community metabolism. 
Parameter 
1. Sky 







9. Dissolved Oxygen 
10. Chlorophyll!!_ 
11. Phaeopigments 
12. Suspended Solids 
13. Productivity 
14. Oxygen Demand 
15. Insolat ion 
Technique or Instrument 
Qualitative by Observer 
clear/hazy/partly cloudy/% coverage 
Calm/ripples/ slight chop/moderate 
cbop/shite caps 
Sta£ f or Line 
Solar Meter [Dodge Instruments] 
Direction by Observer with Compass 
Intensity [Dwyer Wind Meter] 
Observer 
Thermister Probe 
YSI-Model 33 or 
YSI-Model 54 or 57 or 
Beckman RS-5 
YSI-Model 33 C-T-S Meter or Beckman 
RS-5 Conductivity Meter 
YS.I-Model 54 or 57 Dissolved Oxygen 
































4.0. RESULTS AND DISCUSSION 
4.1. September 1979 
Selected observations of the aborted community metabolism 
study undertaken in September 1979 are tabulated in Table 4.1.1. The 
results are not discussed in detail because of tli..e incompleteness 
of the study, but are included for reference purposes only. In addition, 
hydrographic and dissolved oxygen data from dawn and late afternoon 
during 10-13 September 1979 are also included (Table 4.1.2}. These 
data show daily differentials in dissolved oxygen of 2. 50-3. 44 mg ,e.-l 
in the intake waters and O. 8 - 4. 56 mg ,e.-1 in the outfall waters. 
Because of the rapid changes in meteorological conditions 
experienced during the aborted September study and the tmcertainty 
of vessel operations experienced, the diurnal stud~es were redesigned 
for the subsequent field studies. The data collection was originally 
projected to be acquired during a 96 hour period by utilizing a single 
vessel and a single crew; however, the probability of having 4 consecutive 
days of approximately the same meteorological conditions was obviously 
small. Therefore, in order to provide the diurnal curve data collection 
on both the intake and outfall simultaneously over a 24 hour period, 
two crews and two vessels were subsequently utilized. This modified 
redesign not only accorded greater safety to the field crews, hut 
proved to be a better experimental design by providing for synchronous 
sampling of both intake and discharge waters. 
Rafts with attached bottles were suspended at 0.5 m below 
the surface. This depth was consistent with many secchi depth readings 
at 40-60 cm obtained at the start of the productivity experiments. 
In order to suspend the bottles higher in the water column, shade effects 
caused by the float shading the bottle raft at times, and n1ens 
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effects" caused by waves concentrating ·light energy would produce 
other uncontrolled variables. 
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Table 4.1.1 September 1~79 
Intake Anchor Station (SC2} 
Time Sky Sea Wind Insolation 
langleys h-1 
0755 cloudy chop 8-12 
0810 overcast white cap 9 15 
1008 overcast white cap 7.5 15 
1104 overcast chop 7.5 20 
N 
()C) 
1210 dense cloud chop 9,gust 9 
1346 overcast white cap 7.5 13 
1500 dense cloud chop 15 4 
rain/hail 
1607 dense cloud white cap 20 3 
rain 
Summary of Meteorology and Hydrography 
5 September 1979 
Secchi Temp Salinity Dissolved Chloroph111 m oc o/oo Oxygen µg £_-
27.5 4.5 s 
2 
• 80 27.5 4.5 6.9 s 48.69 
2 34. 72 
• 80 27.6 4.5 7.2 s 34.35 
2 36.95 
.60 27.6 4.5 7.6 s 34.75 
2 32.12 
.60 27.6 4.51 7.4 s 40.92 
2 37.57 
.so 27.35 4.50 6.8 s 31.25 
2 40.11 
.so 27.12 4.48 6.6 s 
2 














Table 4.1. 2. SEPTEMBER 1979. Differences in Dissolved Oxygen between Morning and Afternoon Measurements 
at Selected Stations. 
OUTFALL INTAKE 
P05/P06 m 
Time Secchi Depth Temp Salin DO b.DO Time Secchi Depth Temp Salin DO LiOO l 
EST _ m __ _ m _ ~ o/oo ·~ ~ EST _m __ m oc o/oo mg l-1 ~ 
10 SEPTEMBER 19 79 
0645 0.37 s 22.5 2.15 6.88 
Flood 1..0 22.5 2.20 7.08 
CLEAR 4.05* 1. 75 23.0 2.79 6.50 
1635 0.43 s 24.6 2.59 8.66 1. 78 
Flood 1.0 24.75 2.63 8.50 1.42 
CLEAR 3.33* 1.5 24.95 2.78 8.34 1.84 
11 SEJ?TEMBER 1979 
0609 0.43 0 24.5 3.13 5.93 0645 0.40 0 22.7 2.76 6.95 
N Flood 1.0 24.3 3.09 5.83 Flood 1.0 22.65 2.76 6.87 
I.O CLEAR 3.49* 1.5 24.25 3.09 5.57 CLEAR 3.75* 2.0 22.60 2. 77 6.81 
1543 0.63 0 25.2 2.74 9.27 3.34 
Flood 1.0 25.05 2.68 9.07 3.24 
HAZY 2.38* 1.5 25.6 2.22 7.84 2.27 
,r 12 SEPTEMBER 1979 
0640 0.45 0 25.7 3.30 5.64 0750 0.50 0 22.6 2.78 6.84 
Ebb 1.0 25.7 3.31 5.58 Ebb 1.0 22.6 2.78 6.70 
CLEAR 3.33* 1.5 25.6 3.30 5.54 CLEAR 3.00* 1. 75 22.55 2.76 6.88 
1745 0.56 0 26.0 2.76 10.17 4.59. 1706 0.43 0 24.7 3.~ 10.28 3.44 
LWS 1.0 26.62 3.11 8.16 2.58 LWS 1.0 24.15 2.48 10.40 3.70 
CLEAR 2.68* 1.5 26.62 3.02 8.00 2.46 CLEAR 3.49* 1. 75 23.65 2.70 9.38 2.50 
CALM CALM 
13 SEPTEMBER 1979 
0631 0.47 0 23.5 2.35 7.34 
Flood 1.0 23.25 2.54 7.26 
CLEAR 3.19* 1.5 23.5. 2.91 6.45 
1627 0.44. 0 25.0 2.65 8.14 0.80 
Flood 1.0 · 24.9 2.65 8.40 1.14 
CLOUDY 3.41* 1.5 24.9 2.68 8.24 1.79 
WINDY 
~ a, 1.5/d 
4.2. October 1979 
4.2.1. Tidal Cycle and Insolation 
The tidal cycle for the Gunpowder River, with times of 
predicted high and low waters, maximum flood (Fmax) and maximum ebb 
(Emax) currents, and slack before ebb (SBE) and slack before flood 
(SBF) is illustrated in Figure 4.2.1.A. Times of predicted high water 
and SBE and predicted low water and SBF are less than 20 minutes apart; 
thus, the tidal cycle is simplified for obtaining measurements according 
to design. 
The measured insolation is also illustrated in Figure 4.2.1.A. 
The times of dawn (-0530) and dusk (-1900) fall within 30 minutes of 
the period of slack waters (SBE) and high tides. Midday and midnight 
occur at the times of low waters (SBF). The period of insolation was 
approximately 11.5 h, with the maximum at noon (SO .f.JJ h-1). Approximately 
50% of the insolation occurred between 1000 and 1400, and 25% between 
dawn and 1000, and 25% between 1400 and dusk. 
It is readily seen that the sampling design couples tidal 
cycle events (slack-before-flood, low water) with diurnal events (noon, 
midnight); similarly slack-before-ebb and high water are coupled with 
dawn and dusk. 
The times of sampling of the intake waters are indicated on 
the time lines in Figure 4.2.1.B. The upper time line indicates 
samplings for hydrography (25) and productivity (9) at the intake 
anchor station (SC2). Similarly, 7 sampling periods, with the collection 
of 20 samples, are indicated at the intake array stations (Pll, Pl2, 
PlS). 
The times of sampling of the outfall waters are indicated 
on the time lines iri Figure 4.2.1.C. The upper line indicates samplings 
for hydrography (25) and productivity (9) at the outfall anchor station 
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(P04). Similarly, 5,sampling periods, with the collection of 35 
samples, are indicated at the outfall array stations (POl, P02, P03, 
P04, POS, P06, P07). 
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4.2.2. Diurnal Cycle (Temporal Study) 
Measurements for the diumial cycle made simultaneously at the 
intake anchor station (SC2) and outfall anchor station (P04) are 
presented in Tables 4.2.1 and 4.2.2, respectively. 
The daylight period was approximately 11. 5 hours, with peak 
insolation (50 langleys h-1) measured at noon (Figure 4.2.i.A). The 
winds (Figure 4.2.2.A) were from the south and southeast with velocities 
between 8 and 20 mph for 22 hours at the intake anchor station (SC2) 
which was located in the open waters of Seneca Creek. These strong 
winds caused considerable wave action and produced a well-mixed water 
column during the entire study period. The water temperature ranged 
between 19.8 and 21.0°C for most of the study (Figure 4.2.2.B) and the 
variation in salinity was less than 0.2 o/oo (1.8-2.0 0/00) (Figure 
4.2.2.C). 
4.2.2.1. Intake Anchor Station (SC2) 
The diurnal curve for dissolved oxygen (DO) in the surface 
waters of the intake is illustrated in Figure 4.2.3.A. A period of 
oxygen minimum (Domin) was found for the early daylight period (0700-
1100), followed by a period of gradually increasing DO until a maximum 
(DOmax) was observed at 1830, followed by a decline for approximately 
5 h until 2300; the low DO then persisted from about midnight until 
0800. For approximately eleven hours of the diurnal cycle (46%), the 
DO was about 100% saturation, varying between 8.4 and 9.4 mg ~2 t-1, and 
for approximately thirteen hours of the diurnal cycle (54%) below 
saturation (8.0-8.4 mg o2 ,e-1). It should be noted that the dissolved 
oxygen of the surface waters ranged between 8.5 and 9.0 mg o2 l-
1 
during the morning (0600-0900) at the start of study period, whereas 
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the dissolved oxygen level was lower during the end of the study period 
(0600-0900) and ranged between 8.0 and 8.5 mg o
2 
t-1. 
The variations in dissolved oxygen of the deeper waters (2 m) 
were quite similar (Figure 4.2.3.B). However, the period of super-
saturation was approximately 9 h (13Q0Q2200) and the period of lower 





In the waters at the bottom of the water column (2 m) of the intake 
anchor station (SC2), the transition from undersaturation to supersaturation 
at midday was more abrupt than in the surface waters. This effect probably 
reflected a more rapid transition in the shallower water column at low 
water during middday brought about by the tidal outflow. 
The rate of planktonic productivity or utilization [gross 
production= (DO)light - (DO)dark] for the intake surface waters over 
the diurnal period (Table 4.2.3) is illustrated in F;i.gure 4.2.4. The 
maximum rate of gross production (0.35 mg o2 t-lh-1) occurred in the 
samples incubated during the midday 6 h period (0915-1515) and the 
minimum (-0.15 mg o2 t-lh-1) during the period of full darkness (2100-
0300). These data for the rate of maximum production are consistent 
with the observations that the DOmax occurs late in the day_ Production 
is still occurring at 1800 (1500-2100) with respiration inferred to be 
most si~ificant at 2100 (1800-2400}. The utilization of oxygen is 
also inferred to be relatively small and constant during the dark 
periods from midnight to dawn (2100-0900). 
In the intake waters at the anchor station (SC2}, the peak 
of production occurred at noon (0900-1500), and the peak of dissolved 
oxygen in the open water column occurred at 1800, indicating a lag of 
six hours. However, the flowing waters at the anchor station at dusk 
(high water) do not necessarily reflect the waters which were sampled 
6 hours earlier at noon (low water). 
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4.2.2.2. Outfall Anchor Station (P04) 
Because the sampling of the inta~e and outfall were undertaken 
simultaneously, the meteorological conditions were the same. However, 
the wind conditions at the outfall anchor station (P04) were between 
5 and 10 mph for most of the study (Figure 4.2.5.A}, co~siderably less 
severe than that of the intake anchor station (SC2). The temperature of 
the waters at the outfall anchor station (P04) were at 21.0° for most 
of the morning (0600-0900) and the night (2300-0900). During the 
daylight period, the temperature of waters 3:11creased from 1000 until 
a maximum occurred at 1300 (Figure 4.2.5.B), followed by a warm period 
(>22.0°C) until 1700, and a cooling period until 2200 and attaining a 
stable temperature minimum (21.0°C) at 2300. The higher temperature 
of the waters of the outfall could result from: 
(1) heated discharge from the power plant, or 
(2) the waters of the shallow Saltpeter Creek system could 
absorb radiant heat during the day, and retain such 
heat in the waters and flats of the upper Saltpeter 
Creek for a longer period of time, if the circulation is 
restricted; in comparison, intake waters of Seneca Creek 
are more open and less restxictive. 
(3) the waters of the more open ~'lltake of Seneca Creek could 
be undergoing greater circulation and displacement as a 
result of the high wind condition, and thus appear to 
be at a slightly lower temperature than the waters of 
the outfall. 
The salinity range of the waters was 1.8-2.0 o/oo throughout 
the study (Figure 4.2.5.C). 
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The DOmax in the outfall waters at the anchor station (P04) 
occurred at 1500, with a more rapid rise in DO (1000-1500) than decline 
(1600-2400) (Figure 4.2.6). In comparison to the intake waters at 
SC2 which had a DOmax at 1820 (Figure 4.2.3.A), the magnitude of 
oxygen supersaturation in the outfall waters at P04 was greater and 
the duration somewhat longer, for an approximate integrated increase 
of 33%. 
The gross productivity of the connnunity at the outfall anchor 
station (P04) for differential (6-hour) periods of the diurnal cycle 
(Table 4.2.4) is illustrated in Figure 4.2.7. These results at the 
outfall anchor station (P04) are virtually i.dentical with those of the 
intake anchor station (Figure 4.2.4): the maximwn productivity occurred 
when the samples were incubated under the midday intensive light period 
(0900-1500) and the minimum productivity (maximum respiration) occurred 
during the period of minimum light (2000-0400). As in the case at the 
intake anchor station (SC2), the maximum dissolved oxygen in the outfall 
waters lagged behind the period of maximum production (Figures 4.2.6 
and 4.2. 7). 
The morphometry of Saltpeter Creek at the outfall anchor 
station .(P04) differs considerably from that of the intake anchor 
station (SC2) in Seneca Creek. The outfall anchor station is in a 
relatively small, shallow creek, with a deeper channel (1-2 m) and with 
grass beds fringing the deeper channel waters. The winds, although 
blowing fairly strongly from the south and southeast, did not develop 
a continuous fetch across the waters. In contrast, the intake anchor 
station (SC2) in Seneca Creek is located in a shoal area on a con-
siderably broader reach of water, contiguous with the Chesapeake Bay, 
where the winds from the south and southeast develop a considerable 
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fetch. As a res.ult of the. high winds, the waters hecame more turbulent 
and very choppy, which. diminished the amount of light -penetrating the 
water column as indicated by the decrease in s·ecchi depth to O. 40 m 
at 1228. Therefore., the dissolved oxygen of the intake water column 
(SC2) may be depressed relative to that of the. outfall anchor station 
(P04). Under thes.e conditions, the temperature of the. intake waters 
(Figure 4.2.2.B) were approximately 1°C helow t'flose of the. receiving 
waters (Figure 4.2.5.B}. Because. the salinity was the same at both 
anchor stations (1.8-2.0 o/oo}, the pri.m.ary effect of this temperature 
differential on the. DO s.aturation of the outfall waters was to lower 
the 100% saturation level (8.2>-8.6 mg ..e-11 in comparison to the. DO 
range (8.6-8.9 mg t-1) for the cooler intake waters. 
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4.2.3. Array Stations (Spatial Study) 
In order to obtain a synoptic view of the community metabolism 
surrounding the anchor stations, array stations were sampled as coincident 
with tidal features as practicable. The observations for intake array 
stations (Pll, SC2, Pl2 and Pl5} and the outfall array stations (POl, 
P02, P03, P04, POS, P06, P07) are listed in Tables 4.2.5 arid 4.2.6, 
respectively. The data for dissolved oxygen are graphically presented 
(intake= Figure 4.2.8.A and outfall= 4.2.8.B) with. the point measure-
ments of the array stations plotted over the smooth. curve obtained from 
the diurnal studies for intake (Figure 4.2.3.Al and outfall (Figure 
4. 2. 6) • The data for selected parameters (tf:mes of sampl:tng, temperature, 
salinity, dissolved oxygen and chlorophyll a} are presented on line 
transects so that spatial comparisons with the ancnor stations. may be 
rapidly scanned (Figures 4.2.9-4.2.12}. The data ill tlie spatial arrays 
may be readily compared with minimal consideration of t:tdal effects 
because four of the arrays were undertaken at periods of high water 
(HW = SBE); the two dusk periods at the left and the two dawn periods 
at the right; the array depi.ct;ed in the center was underaken. at low 
water (LW = SBF) in midday. 
Including anchor stations, the arrays consisted of 4 stations 
in the intake waters and 7 stations in the discharge waters.; the t:unes 
of sampling at each station are indicated on the ti:me lines (Fi:gures 
4. 2 .1. B and 4. 2 .1. C) and the array charts (Figure 4. 2. 9) • The aurf ace 
temperatures at high waters, of both, intake and outfall array stations, 
were all within l-2°C of the intake anchor station (SC2). (Figure 4.2.10). 
The greatest deviation occurred in the outfall at the immediate di:scharge 
at noon, the time of highest insolation and smallest amount of water in 
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the creek system. Most of the surface salinity distributions of the 
array stations were tli.e same throughout, with. tne greatest deviations 
occurring at stations P06 and P<r7 (Figure 4.2.11}; tnese stations 
1:eflect the inflow of water from the Gunpowder River into Saltpeter 
Creek; the low salinity at these loaations JDaY have resulted from the 
runoff of the heavy storm which occurred 2 days previously~ 
The values of dissolved oxygen measured at intake array 
stations (Figure 4.2.8.A and Table 4.2. 7) indicated an almost uniform 
distribution during the day.light p~riod. The early morning 
values (8.14 mg o2 t-1; a= 0.42, n=22).were almost the. same as those 
for mid-day (8.27 ing o2 t-1; o=l.10; n;:;ill} and lower than those for 
dusk (8.82 mg 02 t-1; a=0.37; n=21). The values for dissolved oxygen 
of the surface waters at the array stations measured during the 
daylight period did not fully reflect the aftemoon 111SXimum (9. 43 mg 
o2 t-1; a = 0.30; n=4) measured at dusk at the intake anchor station 
(SC2). The high wind conditions, which caused turbulent waters (chop, 
fetch) may have had a significant damping effect·on the productivity 
of the waters at the array stations. 
In contrast, the values for dissolved oxygen measured at the 
outfall array stations clustered more closely around those measured at 
the outfall anchor station (P04) which showed a diurnal periodicity 
(Figure 4.2.8.B and Table 4.2.7). 
The half-day in ~,lt.u. gross productivity of the surface water 
communities is summarized for the daylight and dark periods in Table 
4.2.8. For the dark periods (Dusk-Dawn), the productivity of the 
array stations (0.95 x 10-2 mg o2 t-lh-1; a= 0.88, n=8) ranged from 
0.60 x 10-2 to 1.38 x 10-2 mg o2 t-lh-1 and that for the outfall array 
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stations (O. 64 x 10-2 :mg o2 ~-lh.-1; a ::: ~. 47, n•l?l. tlie.: valuea ranged 
from -1.36 x 10-2 to 2. 49 x 10-2 ~ o2 !-ln..-1. Of part~cular s.ignifi:-
canae is that the mean for all stati.nns dur~ng the. dark.. period W.as yery· 
small (0. 77 x 10-2 mg o2 t-lh; a = 2.87, n::;;25}.. For tlie 1:igh.t period 
(Dawn-Dusk), the producti.v~ty at tlie. intake. array statiJ:>IlS' 08. 29 x la.-2 
mg o2 t-
1h-1; a= 6.99, n=8) ranged from 14.16 ~ 10:2 to ts:.9.1·~ la-2 
mg 02 t-1h-1, and that at the. outfall array stations (26.88 x 10-2 
mg 02 £.-lh-1 ; a= 7.21; n=8) ranged from 19.78 x 10-2 ~o 28.82 x 10-2 
mg o2 t-
1h-1; the mean of daylight productivity for all stations was 
22.58 X 10-2 mg 02 £.-1~1; 0 = 8.17, D.=16). 
These higher rates of production in the. outfall proliabl.y 
reflect the higher amounts of vialile phytoplankton associated with 
the waters of the Gunpowder River, as reflected in chloropeyll .!. biomass 
(Table 4.2.6, especially P06 and Figure 4.2.12). These results are 
consistent with the observations of Sellner for September 17-19., 1979 
when the values of productivity (µg C £,-lnl) and chlorophyll !. for 
the samples obtained from Gtmpowder River were greater tlian those of 
the Saltpeter Creek system [SELLNER, 1979]. However, there were con-
siderably smaller differences between the values for productivity 
(µg C t-lh-1) and chlorophyll .!. of the Gunpowder R:t:ver and Saltpeter 
Creek for the October 15-16, 1979. The nigher values for chlorophyll 
a in the Gunpowder River relative to those for the Saltpeter Creek 
were also observed in September of 1978 by Gran.t and Berkowitz (1979). 
Thus at various times in these three studies [SELLNER, 1979; GRANT & 
BERKOWITZ, 1979; and herein], variations in phytoplankton biomass as 
measured by chlorophyll!. content (and other parameters in the vanlous 
studies - phaeopigments, productivity, phytoplankton and zooplankton 
assemblages) indicate variable relationships between the waters of the 
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Gunpowder River and Saltpeter Creek. A detailed analysis of all those 
parameters is beyond tn.e scope of to.is very lim:tted preliminary study 
of community metabolism. 
Values of full day in '51..tu. productivitr for the surface 
waters of the intake. and outfall are reported:tn Tables 4.2~g_ and 4.2.10, 
reppectively. These val~s represent the integrate,d sums ·of photosynthetic 
production and respiration by the sampled microplanla:oni:c communit:tes 
after a full day incubation period, including a daylight p~iod and a 
dark period. Although the values for respirat:ton are. the. same oraer· 
of magnitude as those for 6-liour incubations at tlie. anchor s.tat:tons and 
the half-day incuoations of the array stations, the. full'"!'liar- p,:oducttvt.ty 
values are considerably less than tliose for eitlier of tl:ie.sliorter·terms 
of incubation. Because the. period of confinement of tlie planlc.ton in 
the small observation chamber may be as long as or l~nger· to.an a 
generation time,·othe.r factors unaccollllted for in this· e.xper:D:nental 
design may influence the integrated productivity over· t'fie full day 
period. The full day period of incuoation (':"24 hoursl per.mi.ts lioth 
respiration and production to occur in the same tu&a; tnua, SOllle of 
the oxygen produced during toe pbotoper:tod would '6e consmned.duTing 
dark period, with the resultant small rates of production measured 
(Tables 4.2.8, 4.2.9 and 4.2.10). Furthermore, productivity or 
respiration may not be completely balanced because of variations in 
the photoperiods; thus higher or lower values than those initially 
measured -24 hours earlier at the time the samples were taken may 
occur. Therefore, these results of the full day incubations are not 
as useful as either the 6-hour or half day incubations for assessing 
productivity and respiration. 
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The oxygen demand for the intake ranged from 1. 06 x 10-2 to 
3.50 x 10-2 mg o2 t-lh-1 (slope in Taflle 4.2.11}. and the values for 
the outfall (slope in Table 4.2.12) were encompassed in this range. 
Thus, the oxygen demand is of the same magnitude as tlie respiration 
values folnl.d in the 6-hour and half day dusk-dawn productivity measure-
ments. In sunnuary, the photosynthetic production is approximately 
10-15 times that of the respiration (Table 4.2.81 and the respiration 
activity is of the same magnitude as that of the associated witli. the. 
oxygen demand. 
The distributions of phytoplankton hiamass, as measured 
by chlorophyll .!_, in the surface water are depicted· in Figure 4.2.12. 
There is often a high abundance of chlorophyll .!. associated with 
the inf low of the Gunpowder River waters into the. Saltpeter (1>06, 
P07) and from the B.ay into Seneca Creek. (1>11, SC2l.. Tii.e ranges of 
chlorophyll.!. measurements with respect to the d:turnal curves· are also 
shown in Figure 4.2.13; the cyclic variation at the intake of the 
abundance of chlorophyll.!. with the high waters and the. low.er amounts 
with low waters is indicated (Figure 4.2.13.Al. Tliis cyclic variation 
was not as striking in the outfall waters (Figure 4.2.13.BI. Except 
for stations reflecting tlie. Gunpowder· R:tver (l>06, J.>011-, .most values 
for chlorophyll.!_ were less than 20 µg t-1 in the outfall area~ 
Tidal influenced variations. in levels of chlo~opbyll .!. 
have been observed in other estuaries (RIAUX & DOUVILLE~ 19.801. 
However, the estuaries have been very different, '6.otli. in :morphometry 
and hydrographic characteristics, and the effects- have '6een quite 
different fhan those reported herein. 
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Community Metabolism 
As defined previously, community meta'6olism is that aggregate 
of metabolic activity of the functioning biota which is manifest in 
discernable changes of dissolved oxygen in tli..e water column during the 
diurnal cycle. In this study, the dissolved oxygen of the waters at 
the intake anchor station (SC2). and the outfall anchor station (lp04) 
measured during th.e dillmal study were used to calculate community 
metabolism. Three· consecutive values at dusk (9. 62 lB8 o2 .e.-1; 0'=0.13, 
n=6) and three consecutive values at dawn (8. 21 mg o2 .e.-1; cr=0.08, 
n=6) were used for calculating the community metabolism reported 
(Table 4. 2 .13} • Community metabolism at the intake anclior station 
(SC2) was 1.41 mg o2 £.-1 and that for the outfall anchor station (1>04) 
was 1.53 mg o2 .e.-
1• These values represent 15.82%. and 16.73% of the 
dissolved oxygen of the water column at the intake. (SC2).. and outfall 
(P04) anchor stations, respectively. Alternatively, 16.26% and 17. 04% 
of the dissolved oxygen of these respective water columns were cal-
culated using a baseline established with the mean of all dissolved 
oxygen values of the respective diurnal curves: [Intake (SC2): 8. 98 
mg o
2 
.e.-1; cr=0.59, n=52; Outfall (P04): 8.67 mg o2 .e.-1; cr=0~62, n=S9). 
In principle, these calculations are the same as those employed by 
Odum (1956) for calculating the areas under the curve for the photo-
synthetic and respiratory periods. 
The percentages of the dissolved oxygen in the water columns 
of the array stations attributable to community metabolism are 8.45% 
(cr=4.52, n=4) for the intake and 11.20% (a=5.40, n=7l for the outfall 
using 0.73 and 1.01 mg o2 .e.-1, respectively (Taole 4.2.14). Both of 
these percentages are somewhat lower than those for their re,pective 
anchor stations. However, within the limits of the teclmique employed 
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under these condition9t the 1. 30 fold increase in the outfall waters 
relative to the intake is not significant. 
In utilizing the diurnal curves of the anchor stations 
(Figures 4.2.3.A and 4.2. 6}, 'the relative productivity {P} and 
respiration (R) were measured by integrating the areas bounded by 
the curve and the mean of the dis~olved oxygen, and tlms calculating 
the ratio of P/R. In both cases, the P/R values are greater than 1.00, 
the accepted ratio for a system in balance:· P/R of intake. (SC2).= 
34 = 2.83; P/R of outfall = 39 = 1.5. These high P/R values are 
12 . 20 
indicative of a eutropbic cond:ltion. 
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4.2.5. Swmnary 
During the diurnal ( temporal) study in October, the field 
observers at the outfall anchor station (P04) immediately questioned 
whether the generating station was in operation after comparing the 
outfall temperatures with those of the intake. As later verified by 
plant operation data ob.tained from Baltimore Power and Gas Co., the 
generators were not operating (Figure 4.2.14). However, the rate of 
water flow through the condensers of the electric power generating 
station was not determined. 
In view of the non-generating condition of the electric power 
generating station, several factors are apparent concerning the relation-
ship of the waters of the intake and outfall stations selected oecause 
observations were made without the imposition of the large wast!.e heat 
burden on the receiving waters. 
Under the warm water temperature condition (approximately 
(20°C) in both intake and outfall during 3-5 October 1979, and under 
the intermediate insolation typical of early autumn (11 hours of 
insolation), the following observations were noted: 
1. Environmental factors which were essentially the same at 
comparable times of ooservations for both intake and 
outfall include 
1. insolation 
2. ti.de stage 
3. water temperature 
4. salinity 
2. Environmental factors which varied at comparaole times 
of observations include 
1. wind 
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2. sea state 
3. suspended solids 
4. chlorophyll.!. 
3. CoDD11unity metabolism indicators -which were comparable 
include 
1. dissolved oxygen 
2. product ivi.ty 
It is further noted that the dissolved oxygen in th.e outfall 
waters was somewhat greater than that of the. intake. Possio.le causes 
for this observation may have been the influence of: 
.1. Phytoplankton Riomass 
The mean phytoplankton biomass (surface and bottom} for all 
of the intake stations (12 .. 05-19.35 µg chlorophyll.!. t-11 and the 
5 outfall stations closest to the power plant discharge (14. 20-18.10 
µg chlorophyll !. £.-1) were of the same order of magnitude. However, 
the 2 most distal stations. (J.>06, P07) from the outfall were greatly 
influenced by the Gunpowder River and had considerably greater biomass 
(24.46-33.70 µg chlorophyll!. ..f:"'1). Although this greater biomass at 
P06 could contribute significantly to productivity during the photo-
period, the differences in higher oxygen values at the stations 
proximal to the discharge are probably attributable to factors other 
than phytoplankton biomass. 
2. Wind 
The wind was primarily from the south and southeast during 
the course of the diumal studies. The intensity and duration on the 
intake side may have contributed to a higher rate of evaporation, or 
greater wind driven circulation and mixing of Chesapeake Bay and Seneca 
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Creek waters, resulting in a lowering of th.e. water temperature. In 
addition, these intake waters were essent:tally- liomogeneous as seen from 
the 1.m.ifonnity of the surface and bottom measurements of the h.ydrographic 
data (Tables 4.2.1 and 4.2.2}. Furthermore, the secchi dept'EL decreased, 
thus indicatf:ng more material suspended in the water column. All other 
h.ydrographic data (except the suspended solids data, which are suspect) 
are consistent with this interpretation. In addi.tion, the volume of 
water affected hy the wind on the intake side (deeper water column and 
broader expanse) was consideralilymore extensive than that of the. outfall. 
The outfall side was less affected tiy the wind conditions 
than the intake. The wind intensity was less and the sea state was 
considerably more stable (Figure 4.2.5) than that of the intake. {Figure 
4. 2. 2) .• Thus, as far as the. environmental factors are involved, the 
greatest variations. between differences.:·of the intake and disbnarge 
waters may be those parameters tlirectly affect~d.l;iy:w:tnd. In addition, 
there may have been a reaidual neat Burden placed· on the outfall 
waters oy the power generating station. 
3. Grass beds 
An additional contribu.tion to the dissolved· oxygen· of the 
outfall waters may have been from the grass beds nearhy-, as reported. by-
the observers. Nichols et al. (19.79) reported large stands of 
Val..ll6ne.JLi.a. ame.Jtlc.ana. for Area 7 which was adjacent to the outfall 
anchor station (P04). The amount of oxygen produced daring the photo-
period by Val.Uimelvla., al though unknown, could be high1y significant 
and may account for the. higher dissolved oxygen content of the. waters 
when the areal distri'6ution of phytoplankton b.:to.maas is· uniform. 
The. comnunity .metao.olism, as .measured· liy di~solved oxygen· of 
the· water· column and snort term (6-bourl producti.-vity, snowed responses 
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to the insolation maxima; however, the rates of attainment of those 
maxima differed~ In the outfall waters, tlie. gross productivity maxima 
were attained more rapidly, and fell more rapidly CFigure 4.2. 7) than 
those of the intake waters. Wiiether these. differences are of signif-
icance is unknomi at tliis. t:tme. 
In summary, the OctoTier 1979 commun:tty metabolism study 
provided an opportunity to directly compare the. intake and outfall 
stations under conditions in which industrial waste Iieat inputs were 
minimal. Most of the environmental parameters were tli.e same (tidal 
stage, :i.nsolation, water temperature,· salinity}, witli. greatest 111eteoro-
logical differences. attriou ted to the. intensity- and duration of the 
winds. Tne diurnal.dissolved oxygen curves we.re generally the same, 
with some cltfferences in duration and magnituile; · tli.e. productivity 
curves for the diurnal period were allnost ident:tcal for intake. and 
outfall. Phytoplankton variao.il:tty (measured· as chl011ophyll a) showed 
greater variation between the waters of the Gunpowder RiYer· and 
Saltpeter Creek. than between Seneca Creek. and Saltpeter Creek. In 
addition, a per:todici.ty in the chloroph.yll .!. values and the tidal cycle 
Cbigher cbrlorophyll .!. w:ith. high waters}. lmS noted~ part:tcularly- for 
the waters of the intake anchor station (SC2}.. 
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Figure 4. 2.1. Summary of Field Sampling Program in the Vicinity of the 
C. P. Crane Electric Power Generating Station. 
3-5 Octooer 1979 [Eastern Standard Time] 
A. Insolation and Predicted Tidal Cycle for the Gunpowder River 
[Times (EST) of Significant Tidal Features are indicated] 
SBE a slack before ebb Emme a maximum ebb current 
SBF a slack before flood Fmax = maximum flood current 
B. Time Lines [EST] Showing Times at which Specific Samples 
were taken at the Intake 
c. Time Lines [EST] Showing Times at which Specific Samples 
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Figure 4. 2. 2. Wind, temperature and salinity at the Intake anchor 
station (SC2). October 1979. 
[Arrows pointing in direction of mnd flowJ 
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Figure 4.2.3. Dissolved oxygen (mg 02 t-1) in the waters of the intake 
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Figure 4.2.4. Gross Productivity of the Surface Waters at the Intake 
Anchor Station (SC2). October 1979. 
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Figure 4.2.5. Wind, temperature, and salinity at the Outfall Anchor 
Station (P04). October 1979. 
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Figure 4.2.6. Dissolved oxygen (mg o2 t-1) in the surface waters of 
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Figure 4.2.7. Gross productivity (mg o2 t-lh-1) in the surface waters 
of the Outfall Anchor Station (P04). October 19.79. 
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Figure 4. 2 •. 8. Dissolved oxygen in the surface waters of the anchor 















































Figure 4.2.9. Times of sampling at array stations. October 1979. 
Dusk = HW = SBE at Left 
Dawn= HW = SBE at Right 
Noon= LW = SBF :In Center 


























Temperature (°C) of the surface waters of the 
array stations. October 1979. 
Dusk= HW = SBE at Left 
Dawn = HW = SBF at Right 
Noon= LW = SBF in Center 



























Salinities (o/oo} of surface waters of the 
array stations. October 1979. 
Dusk = HW = SBE at Left 
Dawn= HW = SBE at Right 
Noon= LW = SBF in Center 


































Chlorophyll a (µg C-1) in the surface waters of 
the array stations. October 1979. 
Dusk= HW = SBE at Left 
Dawn = HW = SB~ at Right 
Noon :::: LW ::z SBF in Center 
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Figure 4.2.13. Distribution of chlorophyll a in the waters of the array 
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Figure 4.2.14. Electric power generation by the C. P. Crane station 
during the study period. October 1979. 
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Table 4.2.1. OCTOBER 19.79 Summary of Meteorology and H.ydrograpbf 
INTAKE ANCHOR STATION (SC2) 
3 October 1979 4 October 1979 
Time 1749 0715 0830 0900 1015 1100 1228 1305 1427 1538 1634 1700 
hv 0 7.0 25 - 45 45 47 40 30 18 7 2 
Wind 5.5 W 2.0 W <2 W 4.5 SW 8.5 SW 10 SE 18 S 13 S 22 S 14 S 12 S 
Secchi 0.40 - 0.60 - 0.60 0.60 0.40 0.40 0.50 0.40 0.35 0.40 
T s 21.0 20.0 20.0 20.0 21.0 21.0 19.0 19.0 19.0 21.0 21.0 20.0 
B 21.0 20.2 20.5 19.8 20.8 20.5 19.0 19.0 19.0 21.0 21.0 21.0 
s s 1.8 1.8 1.8 1.8 1.8 1.8 1.9 1.9 2.0 2.0 2.0 2.0 
B 1.8 1.9 1.8 1.8 1.8 1.8 1.9 1.9 2.0 2.0 2.0 2.0 
DO s 9.3 8.6 8.7 8.6 8.6 8.7 8.9 9.3 9.2 9.5 9.7 9.7 
B 9.1 7.8 8.3 8.2 7.8 7.7 7.9 9.3 9.2 9.5 9.7 9.7 
Chl S 15.7 18.8 - 13.7 - - 14.8 14.0 14.9 20.7 21.5 26.6 
B 15.6 8.6 - 10.2 - - 7.4 9.5 14.3 23.1 19.1 21. 7 
ss s 
B 
°' N 4 October 1979 5 October 1979 
-Time 1832 2106 2202 2300 0000 0106 0201 0302 0400 0500 0635 0804 0900 X (a) n 
hv - - - - - - - - - - 2.5 5 8 
Wind 15 S 18 SSE 20 SE 20 SE - 16 S 15 SE 17 SE 9 SE 12 SE 16 SE 10 SE 12 SE 
Secchi - - - - - - - - - - 0.25 0.35 0.30 0.43 (0.11) 13 
T s 21.0 21.0 20.2 20.5 21.0 21.0 21.0 21.0 21.0 20.2 20.8 20.8 20.0 
B 21.0 21.0 21.0 20.8 21.0 21. 0 21.0 21.0 21.0 20.2 21.0 20.8 20.8 20.52 (O. 68) 50 
s s 2.0 2.0 2.0 1.9 1.9 1.9 1.8 1.9 · 1.9 2.0 2.0 2.0 1.8 
B 2.0 2.5 2.0 1.9 1.9 1.9 1.8 1.9 1.9 2 •. 0 2.0 2.0 1.8 1.92 (0.12) 50 
DO s 9.8 9.3 9.1 8.5 8.2 8.5 8.5 8.2 8.1 8.3 8.1 8.2 8.0 
B 9.5 9.3 9.1 8.4 8.2 8.5 8.5 8.2 8.0 8.3 8.2 8.2 7.7 8.67 (0.62) 50 
Chl S 20.3 22.6 - - 11.9 - - 12.8 - - 23.7 - 18.2 
B 21. 7 20.9 - - .10.0 - - 13.5 - - 30.6 - 16.8 17.1 (5. 6) 30 
ss s 
B 
Table 4.2.2 •. OCTOBER 1979 Swmna~ of Meteorology and H.fdrograpbf 
OUTFALL ANCHOR STATION (?04) 
3 October 1979 4 October 1979 
Time 1721 0645 0825 1000 1100 1215 1300 1400 1500 1600 1700 1940 2000 
h'V 1 5 19 42 35 42 40 36 18 14 2.5 .. o 0 
Wind 7.5 SW 5.5 s 8.0 S - s 12/5 ·s· · 1tno:a. · 6.,a ·s: · 13.a .. ·s · a ... s ·s · S·.EFS' !.s·s 
Secchi 0.56 0.48 0.53 0.61 0.55 0.60. 0.55 0.58 0.49 0.52 0.53 
T s 21.3 21.0 21.13 22.1 23.21 23.20 23.95 22.82 23.35 22.4 22.1 21.85 21.85 
B 21.5 20.8 21.18 21.88 23.05 22.88 22.90 22.81 22.26 22.2 22.09 21.97 21.85 
s s 1.50 1.84 1.80 1.92 1.90 l.93 1.90 1.73 1.65 1.74 1.80 1.82 1.82 
B 1.44 1.90 1.83 1.90 1.90 1.93 1.90 1. 74 1.65 1.74 1.78 1.82 1.82 
DO s 9.5 7.85 8.55 8.6 8.9 9.3 9.8 9.9 10.2 9.9 9.8 9.5 9.4 
B 9.5 7.9 8.55 8.35 8.7 9.1 9.6 9.8\ 10.0 9.85 9.7 9.5 9.4 
Chl S 27.8 21.5 17.5 - - 16.9 - - 22.1 - - 18.9 
B 22.3 15.9 18.7 - - 16.4 - ·- 21.2 - - 13.2 ss s 
B 
0\ 
(.,J 4 October 1979 5 October 1979 
Time 2100 2200 2300 .0000 0100 0200 0300 0400 0500 0540 0700 0815 0900 - (O') X n 
hV - - - - - - - - - - 6 7 12 
Wind 5.0 S 8.0 S 9.0 S 7 .o S 7.0 S 8.0 S 8.0 S 6 ESE 4.5 - 5 SE 5 SE 8 SE 7.5 SE 
Secchi - - - - - - - - - 0 .• 59 - - 0.57 0.55 (0.04) 13 
T s 21. 45 · 21. 35 21 .. 16 21.38 21.28 21.18 21.18 21.42 21.15 20.81 21.1 21.1 21.13 
B 21.54 21.49 21.33 21.4 21. 52 21.29 21.24 21.12 21.0 21.10 21.1 21.1 21.09 21.72 (0.76) 52 
s s 1.80 1. 76 1. 72 1.96 1.94 1.88 1.80 1.80 1. 78 1.82 1.80 1.80 1.82 
B 1. 79 1.76 1.74 1.95 1.94 1.88 1.80 1.80 1.78 1.80 1.80 1.80 1.82 1.78 (0.18) 52 
DO s 9.3 9.2 9.2 8.8 8.6 8.70 8.6 8.6 8.4 8.4 8.3 8.5 8.4 
B 9.3 9.2 9.2 8.8 8.7 8.10 8.6 8.6 8.4 8.4 8.3 8.4 8.3 ·8.81 (1. 35) 52 
Chl S 15.3 - - 14.4 - - 14.0 - - 13.7 - - 15.2 
B 14.8 - - 10.7 - - 15.4 - - 14.4 - - 17.1 16.7 (4.9) 22 
ss s 
B 
Table 4. 2. 3. Productivity values [mg o2 t-lh-1 x 10-2] for 6-hour ln ¢1..:ta 
incubations at the Intake Anchor Station. October 1979. 
Date/Time Date/Time h Initial Light Dark Grossl Net2 Respir. 3 
In Out E~ 02 .f-l] [mg 02 .f.-lh-1 X l0-2] -~ --
4/0752 4/1244 4.6 8.26 9.60 8.63 21.13 21.20 8.06 
8.17 9.80 8.49 28.58 35.43 6.85 
8.29 9.31 8.12 26.02 22.37 -3.65 
2 8.24 8.91 8.41 25.24 26.33 3.75 
a 0.06 . o. 75 0.26 3.79 7.90 6.44 
n 3 3 3 3 3 3 
4/0917 4/1546 7.05 10.n 10.46 8.14 32.84 -4.45 -3.73 
10.76 11.17 8.51 35.68 5.87 -3.18 
9.57 10.86 8.37 35.26 18.24 -17.02 
i 10.37 10.83 8.34 34.71 6.55 -7.98 
a 0.69 0.36 0.19 1.62 11.36 7.84 
n 3 3 3 3 3 3 
4/1235 4/1835* 6.0* 10.29 10.49 9.23 20.9.5 3.33** -17.62** 
9.14 10.54 9.03 24.37 23.33 -1.03 
9.20 10.57 9.46 18.57 22.85 4.28 
x 9.54 10.53 9.24 21.30 23.09 1.63 
a 0.65 0.04 0.22 2.92 0.34 3.15 
n 3 3 3 3 2 2 
4/1542 4/2142* 6.0* 9.34 10.54 10.86 -5.25 20.00. 25.25 
9.09 10.71 10.06 10.95 27.15 16.20 
9.09 10.54 10.51 0.47 24.28 23.82 
x 9.17 10.60 10.48 2.06 23.81 21.76 
~ 0.14 0.10 0.40 8.22 3.60 4.87 
n 3 3 3 3 3 3 
4/2120 5/0302 6.36 10.14 10.17 *** 4.00 
10.09 9.90 *** 2.90 
10.40 9.09 *** 20.60** 
x 10.21 9. 72 3.45 
a 0.17 0.56 0.78 
n 3 3 2 
5/0013 5/0613* 6.0* 9.34 9.34 *** 0 
9.23 9.34 *** 1.9 
9.06 9.54 *** 8.0 
x 9.21 9.41 3.3 
a 0.14 0.12 4.18 
n 3 3 3 
5/0324 5/0858 6.36 9.03 8.49 8.63 -22.48* -8.54 -6.29 
9.20 8.17 8.03 2.25 -16.18 -18.43 
9.14 8.17 8.34 -2.69 -15.27 -12.58 
x 9.12 8.29 8.33 -0.22 -13.33 -12.43 
a 0.09 0.23 0.30 3.49 -4.17 -6.07 
n 3 3 3 2 3 3 
!Gross= Light-Dark xlOO 
h 
2Net = Light-Initial;x1oo 
h 
JRespir ~ Dark.-Initia1xioo 
h 
*Approximated 
**Omitted from calculation 
***Samples Lost 
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Table 4.2.4. Producti.vi.ty (mg o2 t.-lh-
1) for 6-hour i.n .6ltu. incubations 
at the Outfall Anchor Station (P04). October 1979. 
Date/ Date/ h Initial Light Dark Grossl Net2 Respir3 
Time Time [mg 02 t-1] [mg 02 t-lh X lQ-2] 
In Out 
4/0643 4/1209 5.43 7.86 8.06 7.40 12.15 3.68 -8.47 
7.74 8.77 .7 .26. 27.81 18.97 -8.84 
7.;40 8.11 ·1.83 5.16 13.08 7.92 - TI::; 8.31 7.50 15.04 X 11.91 -3·.13 
a 0.24 0.40 0.30 11.60 7. 71 9-.51 
n 3 3 3 3 3 3 
Composite 14.92 11.79 -3.13 
4/0847 4/1525 6.63 7.51 9.46 7.17 34.54 29.41 -5.13 
7.31 9.06 7.17 28.51 26.40 -2.11 
7.20 9.17 6.94 33 •. 63 29.71 -3.92 
X 7.34 9.23. 7.09 32.23. 28.51 -3.72 
a 0.16 0.21 0.13 3.25 1.83 1.52 
n 3 3 3 3 3 3· 
Composite 32.28 28.51 -3. 77 
4/1245 4/1900 6.25 8.29 8.29 7.66 10.08 o.oo -10.08 
8.06 8.80 7.40 22.40 11.84 -10.56 
8.51 9.11 7.69 22.72 9.60 -13.12 
X s:T9" 8.73 7.58 18.40 7.15 -11.25 
a 0.23 0.41 0.16 7.21 6.29 1.63 
n 3 3 3 3 3 3 
Composite 18.40 7.04 -11.36 
4/1535 4/2102 5.45 7.94 8.57 8.29 5~14 11.56 6.42 . 
8.11 8.29. 8.69 -7.34 3.30 10.64 
9.03 ·9.;09 8.71 6;97 ·1.10 -5~87 
X "a:36 8.65 8.56 2.59 5.32 3.13 
a 0.59 0.41 0.24. 8.62 5.51 8.58 
n 3 3 3 3 3 3 
Composite 1.65 5.32 · 3.67 
4/1933 5/0020. 4.78 9.34 9.43 9.06 7.74 1.88 -5.86 
8.86 8.20 9.34 -23.83 -13.81 10.04 
8.57 8.39 9.14 -15.69 -3.17 11.92 -X 8.92 8.67 9.18 -10.59 -5.23 5.37 
a 0.39 0.66 0.14 16.39 7.95 9. 71 
n 3 3 3 3 3 3 
Composite -10.67 -3.14 7.53 
4/2111 5/0315 6.00 8.31 8.94 8.86 1.33 10.50 9.17 
8.57 9.31 9.34 -0.50 12.33 12.83 
8.34 9.63 9.43 3.33 21.50 18.17 
X 8.41 9.29 9.21 1.39 14.78 13.39 
a 0.14 0.35 0.31 1.92 5.89 4.53 
n 3 3 3 3 3 3 
Composite 1.33 14.67 13.33 
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Table 4.2.4. (continued). 
Date/ Date/ h Initial Light Dark Grossl Net2 Respir3 
Time Time [mg 02 .e-1] [mg o2 t-lhx 10-2] 
In Out 
5/0030 5/0555 5.42 8.94 8.91 9.20 -5.35 -0.55 4180 
8.29 9.14 9.06 1.48 15.68 14.21 































-1.29 4.74 6.03 
3.59 9.48 7.64 
3 3 3 
-1.29 4.61 5.90 
1.01 -9.63 -10.64 
5.41 -7.26 -12. 67 
-6.25 -7.09 -0.84 
0.06 -7.99 -8.05 
5.89 1.42 6.33 
3 3 3 
0.17 -7. 9.4 '."'""8.11 
3Respiration = Dark-Initial 
h 
Table 4. 2. 5. OCTOBER 1979 Summary of Meteorology and Hydrography 
INTAKE ARRAYS 
OCTOBER 
3 4 4 4 4 5 5 Mean n 
Pll Time 1700 0800 1212 1615 1938 0707 
hV 3 15 47 10 5 
Wind 16 W 5. 5 WSW 10 S 17 S 15 SE 18 SSE 
Secchi 0.40 0.40 missing 0.30 40 
T X 21.o+ 19.9+ 20.5+ 20.3+* 20.2+ 20.o+ 20.3 14 
(J o.o 0.2 0.5 0.1 o.o o.o 0.4 
s X 2.4 2.0+ 2.2+ 2.1* 2.o+ 2.2+ 2.2 14 
(J o.o 0.2 0.3 o.o 0.0 0.3 0.2 -DO X 8.8 7.7+ 8.5+ 8.8* 8.6+ 8.1+ 8.3 14 
(J 0.1 1.0 2.0 0.2 0.3 0.2 1.0 
%Sat. - 102.3 87.5 97.8 100.9* 98.3 92.4 X 
cr 
Chl - 19.7 20.6 20.0 23.2* 17.1 21.0 19.6 9 °' X ....... o.o 1.0 o.o 0.8 1.6 2.8 1.9 (J 
ss X DATA ERRATIC W/'MANY. NEGATIVES 
cr 
SC2 Time 1749 0715 1228 1538 1832 0635 0900 
hV 7 47 18 2.5 8 
Wind 5.5 W 2 W 10 SE 22 S 15 S 16 SE 10 SE 
Secchi 0.40 missing 0.40 0.40 dark 0.25 0.30 
T x 21.0 20.1 19 .. 0 21.0* 21.0 20.9 20.4* 20.4 10 
cr o.o 0.1 o.o 0.0 o.o 0.1 0.6 0.8 
s X 1.8 1.8 1.9 2.0* 2.0 2.0 1.8* 1.9 10 
(J a.a 0.1 o.o o.o o.o o.o o.o 0.1 
DO x 9.2 8.2 8.4 9.4* 9.6 8.1 7.8* 8.7 10 
(J 0.1 0.6 0.7 o.o 0.2 o.o 0.2 0.7 
%Sat. i 106.6 93.5 93.8 109.1* 111.4 93.8 89.4 
(J 
Chl X 15.6 13.7 11.1 21.8* 21.0 27.2 17.5* 17.7 10 
(J 0.1 7.2 5.2 1.8 1.0 4.9 1.0 7.1 
ss X DATA ERRATIC W/NEGATIVE VALUES 
(J 
+ mean of 3 depths - others are meaa.s of surface and bottom 
- - . - - ~ - ~ 1 __ __ ... "--'1--..1-..t ...... -o ......... ~+- ,..;ll'l''ht-
Table 4.l. 5 (continued}. 
OCTOBER 
3 4 4 4 4 5 5 Mean a --
P12 Time 1822 0659 1153 1516 1819 0614 0908 
hV - 5 50 18 - 2 11 
Wind 2W <2 lit 7 .5 S 17 S 10 S 16 SE 5.4 ESE 
Secchi - 0.60 0.40 missing dark 0.35 0.30 
T x 20.8+ 20.1+ 20.4+ 20.7+* 20.9+ 20.7+ 20.8* 20.6 15 
a o.o 0.1 0.3 0.1 0.1 0.4 0.3 0.5 
s X 1.8+ 1.8+ 1.8+ 1.9+* 1.9+ 1.8+ 1.8+* 1.8 15 
a o.o o.o o.o o.o o.o o.o o.o o.o 
DO X 8.7+ 8.6+ 7.9+ 8.3* 8.6+ 8.1+ 8.1* 8.4 15 
a o.o 0.2 0.6 0.3 a.a o.o 0.2 0.4 
%Sat. x 100.5 98.0 90.6 95.7 99.5 93.4 93.5 
a 
Chl X 13.0 10.5 10.1 12.0 11.6 15.1 - 12.1 10 
CJ\ a o.o 2.7 2.4 2.5 0.4 1.7 - 2.3 
00 ss X DATA ERRATI.C W/NEGATIVES 
a 
P15 Time 1835 0605 1140 1502 1745 0600 0914 
hv - - 47 23 - - 11 
Wind 2.5 W <2 N 8.5 SW 18 S 10 S 8.5 SE 4 SSE 
Secchi dark 8.50 0.40 0.40 dark 0.40 0.35 
T - 20.9+ 20.o+ 20.6+ 21.0+ 20.9+* 21.o+ 21.0+* 20.7 15 X 
a o.o o.o 0.4 0.3 0.1 o.o a.a 0.4 
s x 1.8+ 1.8+ 1.9+ 2.0+ 2.0+* 1.9+ 1.8+* 1.9 15 
a o.o o.o o.o o.o o.o o.o 0.1 0.1 
DO X 815+ 8.3+ 8.3+ 8.6+ 8.1+* 8.o+ 8.0+* 8.4 15 
a 0.1 0.1 1.0 1.1 0.2 0.1 0.1 0.5 
%Sat. x 98.3 94.4 95.5 99.8 100.8 92.8 92.7 
a 
Chl X 18.8 13.4 14.6 15.8 18.6~ 17. 7 - 16.6 10 
a 0.1 2.5 8.8 5.0 1.9 1.4 - 3.9 
ss X DATA ERRATIC W/NEGATIVES 
a 
+ mean of 3 depths - others are mean of surface and bottom 
* values for reference only, not included in means at right 
Table 4.2.6. OCTOBER 1979 Summary of Meteorology and Hydrography 
OUTFALL ARRAYS 
OCTOBER 
3 4 4 4 5 X (er) . n 
Pl Time 1847 0806 1120 1752 0646 
Temp S 22.0 20.9 21. 75 21. 7 21.0 
B 22.0 20.9 21.55 21.88 21.1 21.48 (0.46) 10 
Sal. s 1.88 1.76 1.96 1.93 
B 1.88 1.76 1.95 1.94 1.88 (0.08) 8 
DO s 10.3 9.05 9.0 10.0 8.4 
B 10.2 9.05 9.1 9.9 8.4 9.34 (0.71) 10 
Chl s 15. 74 17.17 17.39 18.82 14.03 
B 9.18 21.28 16.37 15.74 16.03 16.18 (3.15) 10 
ss s 41.0 
B 26.0 33.5 (10.60) 2 
% Satn 104.7 105.7 117.1 97.5 
P2 Time 1817 0740 1115 1730 0632 
Temp S 24.1 20.84 22.13 21.63 20.87 
B 22.5 20.84 22.04 21.73 21.05 21. 77 (1.01) 10 
Sal s 1.9 1.91 1.65 1.81 
B 1.9 1.92 1.65 1.80 1.82 (0.11) 8 
DO s 9.0 8.5 9.1 10.0 8.2 
B 8.95 8.05 9.2 10.0 8.2 8.92 (0.70) 10 
Chl s 7.16 16.49 12.95 19.45 14.54 
B 7.67 16.88 10.32 24.30 12.21 14.20 (5. 32) 10 
ss s 20.0 20.0 24.0 
B 23.0 19.0 22.0 21.33 (1. 97) 6 
% Satn 95.7 108.2 117.3 95.0 
P3 Time 1803 0721 1105 1709 0610 
Temp S 21.2 21.7.5 22.54 22.02 20.91 
B 21.8 21.1 22.51 22.07 21.01 21.64 (0.62) 10 
Sal. s 1.8 1.91 1.73 1.8 
B 1.82 1.91 1. 73 1.81 1.81 (0.07) 8 
DO s 10.2 8.4 9.1 9.8 8.4 
B 9.7 8.5 8.4 9.7 8.4 9.06 (O. 72) 10 
Chl s 17.40 17.70 15.57 18. 77 15.52 
B 14.81 16.03 18.14 20.54 15.00 16.95 (1. 87) 10 
ss s 26.0 14.0 
B 20.0 40.0 25.00 (11.13) 4 
% Satn 98.3 104.3 115.1 97.3 
P4 Time 1721 0645 1215· 1700 0540 
Temp S 21.3 21.0 23.2 22.1 20.81 
B 21.5 20.8 22.9 22.1 21.1 21.68 (0.86) 10 
Sal s 1.5 1.8 1.9 1.8 1.8 
B 1.4 1. 9 1.9 1.8 1.8 1. 76 (0.17) 10 
DO s 9.5 7.8 9.3 9.8 8.4 
B 9.5 7.9 9.1 9.7 8.4 8. 94 (0.75) 10 
Chl s 27.78 21.5 16.94 18.94 13.69 
B 22.30 15.86 16.43 13.18 14.37 18.10 (4. 60) 10 
ss s 11.0 
B 14.0 12.5 (2.12) 2 
% Satn 110.7 90. 8 110.7 115.3 97.3 
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Table 4.2.6 (Continued). 
OCTOBER 
3 ·4 4 4 5 X (O') n 
PS Time 1859 0852 1135 1804 0710 
Temp S 21.5 21.25 21.88 21.33 20.69 
B 21.5 21.18 21.91 21.43 20.69 21.44 (0.36) 10 
Sal s 1.86 1.87 1.53 1.53 
B 1.84 1.87 1.53 1.5 1.69 (0.18) 8 
DO s 9.2 8.9 9.5 9.6 8.4 
B 9.4 8.9 9.4 9.6 8.4 9.13 (0.46) 10 
/ Chl s 16.99 16.37 16.99 18.08 21.16 
B 12.09 17.51 15,97 22.19 20.99 17.83 (2.99) 10 
ss s 10.0 12.0 7.0 9.0 
B 26.0 35.0 27.0 18.00 (11. 07) 7 
% Satn 103.6 111.4 111.9 96.6 
P6 Time 1910 0900 1142 1825 0730 
Temp S 21.0 20.8 21.88 20.7 20.24 
B 21.0 21.0 21.9 20.81 20.16 20.95 (9.58) 10 
Sal. s 1.49 1.83 0.84 1.1 
B 1. 71 1.82 0.84 1.12 1.34 (0.42) 8 
DO s 9.6 9.6 9.4 8.5 8.4 
B 9.55 8.6 9.1 8.5 8.3 8.96 (0.55) 10 
Chl s 24.70 23.96 20.70 33.54 24.53 
B 25.73 21.28 18.48 25.55 36.10 25.46 (5. 49) 10 
ss s 11.0 49.0 32.0 
B 47.0 61.0 40.0 (19.2) 5 
% Satn 105.2 109.0 97.6 95.0 
P7 Time 1934 0940 1155 1840 0754 
Temp S 20.8 20.78 21.21 20.46 20.15 
B 20.8 20.56 20.59 20.50 20.14 20.60 (0.32) 10 
Sal s 0.47 0.35 1.14 1.1 
B 0.59 0.49 1.15 1.08 0.79 (0. 35) 8 
DO s 9.3 9.5 9.0 9.2 8.6 
B 9.45 8.65 8.2 9.2 8.6 8.97 (0.43) 10 
Chl s 25.33 30.69 25.67 46.20 44.15 
B 18.37 33.54 16.88 49.17 47.00 33.70 (12.22) 10 
ss s 32.0 23.0 35.0 
B 52.0 41.0 31.0 24.0 45.0 35.38 (10.10) 8 
% Satn 103.8 98.7 105.2 97.7 
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Table 4.2.7. OCTOBER 1979 Summary of dissolved oxygen (Jug o2 .e.-1) 
at dusk, dawn and noon at array stations. 
INTAKE 
DUSK DAWN NOON 
i (1 n X C1 n .x (1 nn -
Pll 8.68 0.28 5 7.90 0.67 6 8.53 2.03 3 
SC2 9.43 0.30 4 8.16 0.33 4 8.40 0.71 2 
P12 8.73 0.14 6 8.33 0.28 6 7.87 0.57 3 
PIS 8.62 0.19 6 8.18 0.15 6 8.27 1.00 3 
Composite 8.82 0.37 21 8.14 0.42 22 8.27 1.10 11 
OUTFALL 
POl 10.10 0.18 4 8.13 0.38 4 9.07 0.07 2 
P02 9.49 0.59 4 8.10 0.07 4 9.15 0.07 2 
P03 9.85 0.24 4 8.43 0.05 4 8.75 0.49 2 
P04 9.63 0.15 4 8.13 0.32 4 9.20 0.07 2 
P05 9.45 0.19 4 8.65 0.29 4 9.45 0.07 2 
P06 9.04 0.62 4 8.73 0.60 4 9.25 0.21 2 
P07 9.29 0.12 4 8.84 0.44 4 8.60 0.57 2 
Composite 9.55 0.46 28 8.52 0.42 28. 9.06 0.36 14 
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Table 4.2.7.A. OCTOBER 1979. Summary of dissolved oxygen (mg o2 t-1) INTAKE ARRAY at dusk, dawn and noon at intake array 
stations. 
DUSK DAWN NOON 
Station 10/3 10/4 10/4 10/5 10/4 
Pll 1700 1938 0800 0707 1212 
s a:r 8.8 8.7 8.25 10.8 
2 8.8 7.5 8.25 7.9 
B 8.7 8.2 6.8 7.90 6.9 
x 8.8 8.60 8.68 7.67 8.13 7.90 8.53 
a 0.14 0.35 0.28 0.96 0.20 o. 67 2.03 
n 2 3 5 3 3 6 3 
SC2 1749 1832 0715 0635 1228 
s ~ 9.8 8.6 8.1 8.9 
2 9.1 9.5 7.8 8.15 7.9 
X 9.2 9.65 9.43 8.20 8.13 8.16 8.40 
a 0.14 0.21 0.30 0.57 0.04 0.33 0.71 
n 2 2 4 2 2 4 2 
P12 1822 1819 0659 0614 1153 
s 8.8 ~ 8.65 s:r s:s 
2 8.7 8.8 8.65 8.1 7.7 
B 8.7 8.5 8.40 8.05 7.4 
i 8.73 8.73 8.73 8.57 8.08 8.33 7.87 
(1 0.06 0.21 0.14 0.14 0.03 0.28 o. 57 
n 3 3 6 3 3 6 3 
P15 1835 1745 0605 0600 1140 
s s:r ~ s.T"" s:r g:-z. 
2 8.5 8.8 8.3 8.1 7.9 
B 8.4 8.5 8.2 8.0 ·1 .5 
X 8.50 8.73 8.62 8.30 8.07 8.18 8.27 
(1 0.10 0.21 0.19 0.10 0.06 0.15 1.00 
n 3 3 6 3 3 6 3 
Composite X 8.82 8.14 8.25 
(1 0.37 0.42 1.10 
n 21 22 11 
Table 4.2.7.1. OCTOBER 1979. Swmnary of dissolved oxygen (mg o2 t-1) 
OUTFALL ARRAY . at dusk, dawn and noon at outfall array 
stations. 
DUSK DAWN NOON 
Station 10/3 10/4 10/4 10/5 10/4 
POl 1847 1752 0806 0646 1120 
s 10.3 10.0 9.05 ~ 9.0 
B 10.2 9.9 9.05 8.4 9.1 
X 10.25 9.95 10.10 9.05 u- 8.73 9.05 
CJ 0.07 0.07 0.18 0.00 0.00 0.38 0.07 
n 2 2 4 2 2 4 2 
P02 1817 1730 0740 0632 1115 
s g:1) 10.0 8.15 8.2 ""T.f 
B 8~.95 10.0 8.05 8.2 9.2 
X 8.98 10.0 9.49 8.10 8.2 8.24 9.15 
(1 0.04 o.oo 0.59 0.07 o.oo 0.19 0.07 
n 2 2 4 2 2 4 2 
P03 1803 1709 0721 0610 1120 
s 10.2 ~ s:-z. u- 9.1 
B 9.7 9.7 8.5 8.4 8.4 
X 9.95 9.15 9.85 8.45 a":"4 8.43 8.75 
(1 0.35 0.07 0.24 0.07 0.00 0.05 0.49 
n 2 2 4 2 2 4 2 
P04 1721 1700 0645 0540 1215 
s 93 ~ T."8 u- 93 
B 9.5 9.7 7.9 8.4 9.1 
x "§":s 9.75 9.63 7.85 ax- 8.13 9.2 
CJ 0.00 0.07 0.15 0.07 o.oo 0.32 0.07 
n 2 2 4 2 2 4 2 
P05 -1859 1804 0852 0710 1135 
s 972 9.6 s:r 8.4 93 
B 9.4 9.6 8.9 8.4 9.4 
x 9.25 9°:6 9.45 s:r ax- 8.65 9.45 
(1 0.07 o.oo 0.19 0.00 0.00 0.29 0.07 
n 2 2 4 2 2 4 2 
P06 1910 1825 0900 0730 1142 
s 9.6 a:s 9°:6 u- 9.4 
B 9.55 8.5 8.6 8.3 9.1 
X 9.58 s."s 9.04 9.l.O 8.35 8.73 9.25 
(1 0.04 o.oo 0.62 0.71 0.07 0.60 0.21 
n 2 2 4 2 2 4 2 
P07 1934 1840 0940 0754 1155 
s 9.3 972 "§":s 8.6 g:1) 
B 9.45 9.2 8.65 8.6 8.2 
X 9.38 9.2 9.29 9.08 8.6 8.84 8.60 
(1 0.11 0.00 0.12 0.60 o.ao 0.44 0.57 
n 2 2 4 2 2 4 2 
composite X 9.55 8.52 9.06 
o; 0.46 0.42 Q.36 
n 28 28 14 
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Table·4.2.8. Productivity values [mg o2 L-lh-1 x 10-2] for half-day in ~,ltu 












Averages for 3 
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0.60 (0.84) 2 












5.35 (2.44) 3 1.10 (1. 96) 
2.49 (3 .37) 9 -1.36 (2. 37) 
Averages for all 
stations (intake+ 
outfall) 
o. 64 (3. 47) 17 
Dark 
values expressed as mean (s.d.) n 
*value omitted from calculation 










14. 65 (3 .37) 3 
34.73 
17.08 




16.86 (1.00) 3 












29.66 (7.22) 3 
26.88 (7 .21) 8 
22.58 (8.17) 16 
Light 
Table 4. 2. 9. Productivity values (mg o2 .t-lh-1 x 10-
2) for full day .ln .t.Uu 
incubations at selected intake array stations (SC2, Pll, P15). 
October 1979. 
Productivity 
Station Time Time h Initial Light Dark Grossl Net2 Respir. 3 
Time In Out [mg 02 .t-1] [mg 02 t-lh-1 X 10-2] ---- --- --
Dusk-to-Dusk Incubation 
P-11 10./3 10/4 26.15 8.90 12.29 8.89 13.00 12.96 - 0.04 
1729 1938 12.51 9.11 13.00 13.80 0.80 
~ 8.94 ll:1i 15.90 0.15 
i 12.62 8.98 13.92 14.22 0.30 
s.d. 0.40 0.12 1.59 1.51 0.44 
n 3 3 3 3 3 
SC2 10/3 10/4 26.05 9.30 10.40 8.09 68.86 4.22 - 4.65 
1759 1920 10.91 8.ll 10.75 6.18 - 4.57 
~ 8.31 9.02 s_.22 - 3.80 
i 10.66 8.17 9.54 5.21 - 4.34 
a.d. 0.36 0.17 11.05 0.98 0.47 
n 3 3 3 3 3 
P-15 10/3 10/4 23.47 8.60 10.71 8.66 8.13 8.99 0.26 
1843 1815 11.54 9.51 8.65 12.52* 3.88 
10.94 8.31 ~· 9.97 - 1.24 
i 11.06 8.83 8.69 9.48 0.97 
Composite s.d. 0.43 o. 62 0.06 0.69 2.63 
n 3 3 2 2 3 
i 8.93 11.45 8.66 10.97 9.66 - 1.02 
s.d. 0.35 ± 0.95 0.49 2.67 4.27 2.85 
n 3 9 9 8 8 9 
Dawn-to-Dawn Incubation 
P-15 10/4 10/5 23.53 8.40 11.40 8.09 14.07 12.75 - 1.32 
0627 0559 11.20 8.14 13.00 11.90 - 1.11 
~ 8.09 11.05 9.73 .=..!:E. 
i 11.10 8.11 12.71 11.46 - 1.25 
s.d. 0.37 0.03 1.53 1.56 0.12 
n 3 3 3 3 3 
SC2 10/4 10/5 23.70 8.65 11.40 9.51 7.97 · 11.60 3.63 
0740 0655 12.11 9.74 10.00 14.60 4.60 
11.49 13.75* -9.49* .!h2! 21.48* 
i 11.67 9.63 8.99 12.73 4.12 
s.d. o.55 0.16 1.44 1.63 0.69 
n 3 2 2 3 2 
P-11 10/4 10/5 23.48 8.70 13.31 9.11 15.08 19.63 4.56 
0818 0707 13.11 9.06 17.25 18.73 1.53 
12.83 9.23 ~ 17.58 ~ 
i 13.08 9.35 15.89 18.66 2.78 
s.d. 0.24 .37 1.19 1.03 1.58 
n 3 3 3 3 3 
i 8.58 11.95 8.95 12.97 14.28 1.60 
Composite s.d. 0.16 0.93 0.74 3.10 3.55 2.58 
n 3 9 8 8 9 8 
1Gross = 
Light-Dark 2Net m Light - Initial 3aespiration = Dark -hlnitial 
h h 
*omitted from calculation 
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Table 4.2.10. Productivity values (mg o2 t.-lh-1 x 10-2) for full-day in ~,i.tu 
incubations at selected outfall array stations (P02, P04, P06). 
October 1979. 
Productivity 
Station Time Time h Initial Light Dark Gross1 Net2 Respir.3 
Time In Ou [mg 02 .t.-1] [mg 02 .t.-lh-1 X l0-2] -- --
Dusk-to-Dusk Incubation 
P-04 10/3 10/4 25.05 9.25 10.09 7.74 9.38 3.35 - 6.03 
1757 1900 9.00 9.31 7.71 6.39 1.24 - 5.15 
8.40 9.63 7. 71 7.66 4.91 - 2.75 
i 8.88 9.68 7. 72 7.81 3.17 - 4.64 
s.d. 0.44 0.39 0.02 1.50 1.84 1.70 
n 3 3 3 3 3 3 
P-02 10/3 10/4 22.n 8.20 9.46 7.34 9.31 5.53 - 3.78 
1833 1719 7.66 9.40 7.26 9.40 7.64 - 1.76 
7.97 9.09 7.34 7.69 4.92 =-kI!.. 
i 7.94 9.32 7.31 8.80 6.03 - 2. 77 
s.d. 0.27 0.20 0.05 0.96 1.43 1.01 
n 3 3 3 3 3 3 
P-06 10/3 10/4 22.75 9.00 11.91 8.06 16.92 12. 79 - 4.13 
1929 1814 8.69 11.51 8.00 15.43 1!.40 - 3.03 
8.71 12.26 8.66 15.82 15.60 - 0.22 
i 8.80 11.89 8.24 16.06 13.60 - 2.46 
s.d. 0.17 0.38 0.36 0.77 1.75 2.02 
n 3 3 3 3 3 3 
i 8.54 10.30 7.76 10.89 7.60 - 3.29 
Composite s.d. 0.52 1.39 0.47 4.50 5.39 1.18 
n 9 9 9 9 9 9 
Dawn-to-Dawn Incubation 
P-04 10/4 10/6 23.60 7.86 10.94 7.91 12.84 13.05 0.21 
0630 0606 7.74 9. 77 8.00 7.50 8.60 1.10 
7.40 9.31 8.31 4.24 8.09 ~ 
x 7.67 10.01 8.07 8.19 9.91 1. 72 
s.d. 0.24 0.84 0.21 4.34 2.73 1.90 
n 3 3 3 3 3 3 
P-02 10/4 10/5 22.38 7.76 10.06 7.40 11.89 10.28 - 1.61 
0800 0623 7.42 10.43 7.48 13.18 13.45 0.27 
7.37 10.00 - 11.75 -- ---
i 7.52 10.16 7.44 12.54 11.83 - 0.67 
s.d. 0.21 0.23 0.06 0.91 1.59 1.33 
n 3 3 2 2 3 3 
P-06 10/4 10/5 22.00 8.40 10.11 8.17 8.82 7.77 - !ll.05 
0925 0725 8.37 10.03 7.89 9.73 7.55 - 2.18 
~ 9.83 8.00 8.32 7.14 - 1.18 
i 8.34 9.99 8.02 8.96 7.49 - 1.47 
s.d. 0.01 0.14 0.14 o. 71 0.32 0.62 
n 3 3 3 3 3 3 
i 7. 84 10.05 7.90 9.57 9.74 - 0.14 
Composite s.d. 0.44 0.09 o.31 3.02 2.17 1.66 
n 9 9 8 8 9 9 
!Gross a Light - Dark 
h 
2Net = Light - Initial 
h 
3Respiratio~ = Dark -hinitial 
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Table 4. 2.11. October 1979.0~gen Bemand ung o2 :e-1h.-l x 10-2) of surface waters 
sampled at various tidal stages· at tli.e. :intake. anchor station (SC2) • 
.{.mg O t-1] 2 . 
Time h ·nay T:l'me · Ii. e>xygen~l · Oxygen~2 · . Oxygen-3 x s.d. 
0715 0 4 0746 0 7.72 7.82 7.88 7.81 ! 0.08 
SBE 24. 5 0746 24 7.82 . 8.04 . 7.66 7.84 0.19 
48 6 0746 48 7.li 7.05 7.19 7.14 0.08 
96 8 1315 102.15 5.74 6.57 6.73 6.35 0.53 
120 9 1130 118.25 6.45 6.34 6.65 6.48 0.16 
y 7.903 7.981 7.846 7.91 0.07 
slope O Oxygen Demand -0.0157 -0.0139 -Ol0106 -0.013 .._ 0.002 
R -0.899 -0.9427 -0.9866 
0900 0 4 0909 o 8.22 8.38 8.18 8.26 0.11 
Emax 24 5 0950 24.68 7.64 7.94 7.78 7.79 0.15 
48 6 8909 48 1.33 . 7.35 7.46 7.38 0.07 
96 8 1315 100.1 6.69 7.11 7.23. 7.01 0.28 
120 9 1130 122.35 6.83 6.63 6.55 6.67 0.14 
y 8.024 8.250 8.118 8.13 0.11 
slope= Oxygen Demand -0.0115 -0.0130 -0.0115 -0.012 ~ 0.001 
R -0.9511 -0.9678 -0.9615 
1538 0 4 1550 0 9.35 9.27 9.23 9.28 0.0.6 
Fmax 24 5 1550 24 8.53 8.40 8.63 8.52 0.12 
48 6 1550 48 7.82 7.98 7.76 7.85 0.11 
96 8 1315 94.12 7.21 7.15 7.29 7.22 0.07 
120 9 1130 116.53 6.79 6.93 7.05 6.92 0.13 
y 9.116 9.040 9.031 9.06 0.05 
slope= Oxygen Demand -0.0208 -0.0193 -0.0183 -0.0195 ~ 0.001 
R -0.9804 -0.9823 -0.9671 
1832 0 4 1855 0 9.03 9.09 9.13 9.08 a.as 
SBE 24 5 1855 24 8.42 8.42 8.04 8.29 0.22 
48 6 1855 48 7.60 - 7.78 7.69 0.13 
96 8 1315 91.38 6.24 7.13 6.99 6.79 0.48 
120 9 1130 113.63 6.49 4.46 5.74 5.56 1.03 
y 8.932 9.280 8.985 9.07 0.19 
slope= Oxygen Demand -0.0248 -0.0350 -0.0261 -0.028 ~ 0.006 
R -0.9684 -0. 9235 -0.9717 
2106 o 4 2127 0 8.91 8.69 8.67 8.76 0.13 
Emax 24 5 2127 24 8.02 8.00 7.82 7.95 0.11 
48 6 2127 48 7.82 7.44 8.18' 7.81 0.37 
96 8 1315 88.15 7.35 6.79 6. 75 6.96 0.34 
120 9 1130 110.40 5.35 5.15 4.99 5.16 0.18 
y 8.942 8.768 8.891 8.87 0.09 
slope= Oxygen Demand -0.0268 -0.0287 -0.0297 0.028 ! 0.001 
R -0.9181 -0.9635 -0.9207 
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Table 4.2.12. Octoher 1979.0xygen demand ung o2 ~-lh-1 x 10-
2) of surface waters 
sampled at various tt.dal stages at the. outfall anchor station ~041. 
I10g o2 t.-11 
Time h Day Time Ii O!Igen-1 Oxygen-2 . Oxygen-3 . x s.d. 
0645 0 4 0700 o 7.82 . 7.48 7.88 1.13 . 0.22 
SBE 24. 5 0700 2400 6.79 7.17 6.83 . 6.9.3 . 0.21. 
48 6 0700 4800 6.42. 6.61 6.24: 6.42. O.li 
96 8 1200 10100 5.90 6.12 . 5.68 5.90 0.22. 
120 9 1200 12500 5.37 5.84 5.37 5.53 . 0.27 
y 7.477 7 .49..3 7.580 7.517 a.ass 
slope= Oxygen Demand -a.on -0.016 -0.019. -0..0113 t 0.001 
R -0.960 -0.984 -0.5l74 
0825 o 4 0835 0 7.39 7.66 7.72 . 7 .59_ Q.18 
Emax 24 5 0835 2400 6.93 6.63 6.57 6.71 0.19. 
48 6 0815 4740 6.28 6.53 6.55 6.45 0.15 
96 8 1300 10025 5.88 5.84 6.44 6.05 a.33 
120 9 1200 12325 4.24 5. 74 . 5.50 . 5.16 0.81 
y 7.448 7.30" 7 .34Q. 7.36 O.Q77 
slope= Oxygen Demand -0. 022 .. -0.014 -0.013 -0.016 "!" 0 .• 005 
R -0.941 -0.939 -0 .• 871 
1215 0 4 1250 0 8.63 8.51 8.69 8.61 Q.Q9 
SBF 24 5 1250 2400 
48 6 1315 4825 6.99 6.93 J.44 7.12 : 0.27 
96 8 1300 9610 6.63 6.49 6.73 6.62 0.12 . 
120 9 1200 11910 6.16 6.00 6.20 6.12 0.110 
y 8.383 8.293 8.598 8.425 Q.16 
slope= Oxygen Demand -0.019 -0.020 -0.020 -0.020 ~ a.001 
R -0.958 -0.968 -0.993 
1500 a 4 1515 0 9.01 9.25 9.09. 9 .• 12 . 0.12 
Fmax 24 5 1515 2400 8.00 7.9.6 7.88 7 .9.5 0.06 
48 6 1315 4600 7 .56 7.70 7.31 7.52 0.1!1 
96 8 1200 9245 6.44 6.83 6.61 6.62 0.20 
120 9 1200 11645 6.16 6.20 6.44 6.27 0.15 
y 8.766 8.900 8.646 8.17 0.13 
slope= Oxygen Demand -0.024 -0.023 -0.021 -0.023 :' 0.002 
R -0.986 -0.973 -0. 9.48 
2000 0 4 2015 0 8.49 8.45 8.59 8.51 0.07 
Emax 24. 5 2015 2400 7.96 7.88 8.10- 7.98 0.11 
48 6 1315 4100 7.74 7.44 7.60 7.59 0.15 
96 8 1300 8845 6.65 6.44 6.97 6.69 0.27 
120 9 1200 11145 6.26 6.06 6.63 6.32 0.29. 
y 8.491 8.394 8.490 8.46 0.056 
slope= Oxygen Demand -0.020 -0.021 -0.017 -0.19. -~ o. 002 
R -0.998 -0.998 -a. 9.9.0. 
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Table 4 .. 2.13 • OCTOBER 1979. Community metabolism at the 4,nchor Stations.· 
OCTOBER INTAKE (SC2) 
DUSK DAWN DUSK-DAWN COMMUNITY METABOLISM 
- -..L a n X a n 
Temperature oc 20.83 0.41 6 20.63 0.34 6 0.20 DUSK-DAWN X 100 
~(DUSK+DAWN} 
Salinity o/oo 2.00 o.oo 6 2.00 o.oo 6 o.oo 
Chlorophyll a µg r1 22.11 2.55 6 27.15 4.84 6 -5.04 
Suspended Solids mg t-1 
Dissolved Oxygen mg o2 .e.-
1 9.62 0.13 6 8.67 8.21 0.08 6 1.41 15.82 
% Saturation (16. 26) * 
10/4: 1538; 1634; 1700 10/5: 0500, 0635; 0804 
OUTFALL (P04) 
DUSK DAWN DUSK-DAWN COMMUNITY METABOLISM 
- -X a n X a n 
Temperature oc 22.40 0.48 6 21.05 0.12 6 1.35 DUSK-DAWN 
X lQQ 
~(DUSK+DAWN} 
Salinity o/oo 1 1.73 0.06 6 1.80 0.01 6 -0.07 Chlorophyll a µg l- 21.68 0.64 2 14.03 0.48 2 7.65 
Suspended Solids mg .e.-1 
Dissolved Oxygen mg o2 .e-1 9.91 0.17 6 8.98 8.38 0.08 6 1.53 16.73% 
% Saturation (17.04%)* 
10/4: 1500; 1600; 1700 10/5: 0540; 0700; 0815 
* DUSK-DAWN 
X 100 = % of dissolved oxygen. of water column due to community matabolism 
[DO] diurnal curve 
Table 4.2.14. Comnunity Metabolism of Array Stations. October 1979. 
Station DISSOLVED OXYGEN 
DUSK DAWN 
(mg 02 t-1) 
Pll 8.68 7.90 
SC2 9.43 8.16 
P12 8.73 8.33 
P15 8.62 8.18 
- 8.87 8.14 X 
CJ 0.38 0.18 
n 4 4 
composite 8.87 8.14 
POl 10.10 8.73 
P02 9.49 8.24 
P03 9.85 8.43 
P04 9.63 8.13 
P05 9.45 8.65 
P06 9.04 8.73 
P07 9.27 8.84 
X 9.55 8.54 
CJ 0.35 0.27 
n 7 7 
composite 9.55 8.54 
*% _ DIRN - DUSK x lOO 
0 
- \(DAWN+ DUSK) 
COMMUNITY METABOLISM 
DUSK-DAWN % of 
(mg o2 l-























Table 4.2.14A. October 1979. Comm.unity Metabolism at Intake Array 
Stations. Values are expressed as mg o2 t-1. 
IN'l'AKE 















S 8.9 8.8 
2 8.8 
B 8.7 8.2 

































S 8.6 8.9 
2 8.5 8.8 
B 8.4 8.5 
i(cr)n 8.62 (0.19) 6 





























8.17 (0.16) 6 
















Table 4.2.14B. October 1979. Community metabolism at Outfall Array 
Stations-. Values are expressed as mg 02 t-1. 
OUTFALL 
DUSK DAWN COMMUNITY METABOLISM 
POl Date 10/3 lQ/4 10/4 10/5 DUSK-DAWN 
Time 1847 1752 0806 ~ mg t-1 %* - -
s 10.3 10.0 9.05 8.4 
B 10.2 9.9 9.05 8.4 
x(a)n 10.10 (0.18) 4 8.73 (0.38) 4 1.37 14.55 
P02 Date 10/3 . 10/4 10/4 10/5 
Time 1817 1752 0740 0632 
s 9.00 lQ.00 a.so 8.20 
B 8.95 10.00 8.05 8.20 
x(a)n 9.49 (O. 59) 4 8.24 (0.19) 4 1.25 14.10 
P03 Date 10/3 10/4 10/4 10/5 
Time 1803 1709 0721 0610 -
s 10.2 9.8 8.4 8.4 
B 9.7 9.7 8.5 8.4 
x(a)n 9.85 (0. 24) 4 8. 43 (0. 05) 4 1.42 15.54 
P04 Date 10/3 10/4 10/4 10/5 
Time 1721 1700 0645 0540 
s 9.5 9.8 7.8 8.4 
B 9.5 9.7 7.9 8.4 
x(a)n 9.63 (0.15) 4 8.13 (O. 32) 4 1.50 16.89 
POS Date 10/3 10/4 10/4 10/5 
Time 1859 1804 Oij52 0710 
s 9.2 9.6 8.9 8.4 
B 9.4 9.6 8.9 8.4 
x(a)n 9.45 (0.19) 4 8. 65 (0.29) 4 a.so 8.84 
P06 Date 10/3 10/4 10/4 10/5 
Time 1910 1825 0900 0730 
s 9.60 8.50* 9.6* 8.4 
B 9.55 8.50* 8.6 8.3 
x(a)n 9.58 (0.04) 2 8.43 (0.15)_3 1.15 12. 77 
P07 Date 10/3 10/4 10/4 10/5 
Time 1934 1840 0940 0754 
s 9.30 9.20 9.50* 8.60 
B 9.45 9.20 8.65 8.60 
x(a)n 9.29 (0.12) 4 8.62 (0. 03) 3 0.67 7.48 
i(cr)n 9. 63 (0. 36) 26 8.45 (0.30} 26 1.18 13.05 
*omitted from calculation 
82 
4.3. December 1979 
4.3.1. Tidal Cycle and Insolation 
The tidal cycle for the Gunpowder River, with times of 
predicted high (RW) and low (LW) waters, maximum flood (Fmax) and 
maximum ebb (Emax) currents, and slack waters (SBE, SBF) is illustrated 
in Figure 4.3.1.A. Times of predicted high waters and SBE and predicted 
low water and SBF are less than 20 minutes apart. The times of~ dawn 
(-0700) and HW-SBE are approximately the same; however, because the 
period of insolation (9 h) is considerably shorter tban the period 
of darkness (15 h), dusk C.-1730) and RW-SBE are further separated 
in time than desired for optimal sampling. In addit:ton, i.t was 
anticipated that the lower temperature of the waters and lower in.tensity 
and duration of insolation would considerably depress the magnitude 
of the community metabolism, and that contributions from wind induced 
~ing would be maximal. 
The sampling protocols bad to be modified further in the 
field. During the days just prior to sampling, strong winds from 
the north had blown the waters out of the Dundee-Saltpeter Creek. system. 
Even at periods of high water., there was too little water· in tiie entire 
creek system for the sampling vessel to be launched from the ramps 
which had been used in previous studies. The sampling times of the. 
intake anchor station (SC2). and the intake array· stat ions- Q>ll, S:C2,: 
Pl2, Pl5) are indicated on the time lines ·illustrated in F:tgure 4.3.1.B. 
Similarily, sampling times of the outfall anchor (1>04) and array 
stations (P04, P05, P06, P07) are illustrated in F:tgure 4.3.1.C. The 
combination of prolonged north.winds and spr~ng tides produced.extremely 
shallow waters in the Saltpeter-Dundee Creek sys.tem and prevented 
navigation to stations POl, P02 and P03. 
The shallowness of the water column in December was the 
opposite extreme of that encountered in September, which was 1.5-2.0 
meters above the normal. 
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4. 3. 2. Diurnal Cycle (Temporal Study) 
4.3.2.1. Intake Anchor Station (SC2) 
During the diurnal study (3-4 December 1979), the winds were 
generally 8-10 mph, mostly from the southwest, with occasional gusts 
greater than 12 mph and as high as 22 mph from the west (TaI,.le 4.3.1 
and Figure 4.3.2.A). The insolation was approximately half of that 
for the October study period (Figure 4.2.2.A}. 
The temperature of the waters at the intake anchor station 
(SC2) was 5.1°C (a=0.5, n=40), ranging from a low of 4.2°C during the 
early morning (0303) to highs of 5.8-5.9° during the afternoons (1707, 
2200, 1400), for a maximum difference of l.7°C during the diurnal study 
period (3-4 December 1979) (Table 4.3.1, Figure 4.3.3). The salinity 
was 1.1 o/oo (a=0.2, n=38) with a high of 1.5 o/oo (1707) and a low of 
0.5 o/oo (0000) (Table 4.3.1). The suspended solids 
(Tahle 4.3.1) varied throughout the water column with 12 of 22 values 
between 10 and 20 mg .e-1 , 6 of 22 values between 20 and 2 9 111g .e,-1, and 
4 of 22 values greater tlian 30 mg .e.-1• Two of the highest values 
(34.0, 42.0 mg .e,-1 at 2300) may.possibly be associated with maximum 
ebb current (2258) and the other high values C30. O, 33·.o. 111g .e.-1 at 1440) 
may possibly be associated with the nigh winds. 
The diurnal curve for the dissolved oxygen of the waters 
at the intake anchor station (SC2) is reported in Table 3.2.1 and 
illustrated in Figure 4.3.4. The most prominent feature is that the 
waters are supersaturated (105.6% saturation; a=l.2, n=40) for the 
entire period with most values falling between 12.8 and 13.1 mg .e.-1• 
The diurnal effect of greater oxygen values during the late daylight 
hours associated with. insolation and depressed oxygen values in the 
morning hours is not apparent. In addi..tion, chlorophyll_!! levels. were 
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low (7.6 µg chlorophyll.!. t-1; cr=l.1, n=22) and ranged from 6.0 to 
10.0 µg i-1 (Table 4.3.1). 
(DO) -(DO) 
The 6-hour productivity [gross production= light dark] 
6 h 
for the intake surface waters over the diurnal period is reported in 
Table 4.3.2 and illustrated in Figure 4.3.5. The values ranged between 
-1.82 x 10-2 and 7.24 x 10-2 mg o2 t-lh-1, were smallest during the 
dark. hours and larger during the daylight hours. These small values 
measured are not unusual for the community response which is dependent 
on both light and temperature. The rather large variability in these 
very small numbers at midnight (0000) and dusk (1700) is not highly 
significant and could be a result of patchiness of the waters when the 
separate samples were obtained for replicate analysis. It is obvious 
that tmder these conditions of low temperature, low insolation and 
short day-light period~, that the ambient community metabolism is at 
a protracted low. 
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4.3.2.2. Outfall Anchor Station (P04) 
The period of the diurnal study at the outfall anchor station 
(P04) in December was characterized as a cold temperature, low insola-
tion period with. winds from the southwest ranging between 8 and 12 mph 
for most of the study period (Table 4,3.3). Gusts of 18 mph occurred 
from the west at 1100 (Table 4.3.a and Figure 4.3.6). · The water 
temperatures was 7.4°C (a=l.7, n=44), ranging from 5.1°C (1920) to 
9.4°C (0100) (Taole 4.3.3 and Figure 4.3.7). Max1rnum temperatures 
occurred at midnight and noon - 1300, which. were. coinci.dent with. low 
water (Table 4.3.3 and Figure 4.3.7); noon was also coincident with 
maximum insolation. The low temperatures of less than 2 hours duration 
were directly correlated with the periods of high water• wliereas perdods 
of higher than ambient intake temperature persist throughout. The 
salinity was 1.1 o/oo (o=0.1, n=44), varying from 1.00 o/oo to 1.30 
o.Joo, except for a single low value at 1000 (Table 4.3.3). 
Higher values.· for ··suspended. s;ol:tds .were. oose:rved· at ~'fi . 
water (29.0 mg l-1 at 1751} and low water (26.0 mg £_-l, o=l.4, n=2 at 
0100). 
The diurnal curve for dissolved oxygen in the surface waters 
of the outfall anchor station (P04) is illustrated in Figure 4.3.7. 
The most prominent features are higher dissolved oxygen values at 1751 
(11.61 mg o2 t-1) and 0700 (11.65 mg o2 t-1), coincident with. the 
periods of high water and lowest temperatures; these lower temperatures 
may have caused a short term depression of the community respiration. 
The percentage saturation for dissolved oxygen was 98.5% (a=2.1; nm42) 
and ranged from 94.0% to 100.8% for the waters at the outfall anchor 
station (P04) • in December (Table 4.3. 3}. Toe dissolved oxygen values 
at the outfall anchor station (P04) (98.5%; cr=l.7, n=42) were con-
sistently below tnose of tlie intake anchor station (SC2). (105. 6%; 
cr=l.2, n=49). However, at no time were dissolved oxygen values 
dangerously low for aquatic species. 
In contrast to the dissolved oxygen·measurements of the 
intake waters at SC2 llilhich reflected a minimal amotmt of community 
metabolism (Figure 4.3.3}, the gross producti.'vity (6-hour incubations) 
of the outfall waters (Table 4.3.4) revealed a maxfmu:m for the samples 
which were incubated tmder mov:ning conditions (0700-1300) {Figure 
4. 3. 8) • The anticipated higher productivity for the late mo ming and 
mid-day incubations i$ indicated by the dash.ed line in Figure 4.3.8. 
The productivity for the late morning and mid-day were depressed, 
probably because the tubes did not receive adequate light; when tiie 
floats were retrieved, they were coated wi.th.sediment, indicating that 
they were not freely suspended in the water·column and receiving appro-
priate ambient light according to experimental design. In addition, 
respiration occurring in the tubes would be at a higher rate because 
the temperature was elevated in relation to that of the intake stations. 
These results for productivity, although. less tlian ideal, are consistent 
with the measurements for dissolved oxygen in the open waters which also 
became lower after the midday. However, results obtained under non-
optional circumstances should be· interpreted cautiously. 
The phytoplankton biomass, measured as chloropnyll .!_, was 
greater at the outfall anchor station 0,04} (10. 6 µg r-1; a=l. 7, n=18}, 
ranging from 8.4 to 12.9 µg r 1 than that at the intalce ·ancnor station 
. 1 
(SC2). (7.6 µg .e-1; cr=l~l, n=22).whic1Lranged from 5.9 to 10.0 pg!-
(Tables 4.3.1 and 4.3.3). Because there was considerable turbulence 
in the shallow waters, the analysis for suspended solids is highly 
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suspect for both sampling and analytical reasons, although the range 
. . 
of values (19.2 mg .e-1; cr-=:5~8, n=l~} is quite similar to that for the 
intake (21.3 mg i.-1; a=S.1, n::::22). 
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4.3.3. Array Stations (Spatial Study) 
The diurnal study was initiated at dusk, immediately following 
the sampling and deployment of productivity buoys at tn.e outfall anchor 
station (P04) because the extreme shallowness of the Saltpeter-Dundee 
Creek system prevented any navigation. The dusk array on the intake 
side included 4 stations (Pll, SC2,. P12,. ?15), whereas that on the 
outfall was limited to one (1>04). The observations for meteorology 
and hydrography are listed in Tables 4.3.5 and 4.3.6 for intake. and 
outfall, respectively. The synoptic overviews of the array study are 
illustrated on the charts (Figures 4.3.9-4.3.13). Tlie. temperatures are 
shown in Figures 4.3.10. At dusk, on December 3, the. temperature 
(5.1 °C) at the outfall anchor station (1>04) was less tlian that of the 
intake waters, which ranged from 5. 8° at Pll, the station mos·t distal 
to the power generating station, to 5.0°C at P15, tlie station closest 
to the electric power generating station; at dawn of Decemoer 4, the 
outfall temperatures (3. 75-5.1°C) were close to tlios.e of the intake 
(4.0-5.5°C); at noon and dusk, the temperatures of the outfall stations 
(P04, POS and P06} were 1.3-3.2°C and l.5-3.0°C, respectively, above 
those of the intake anchor station (SC2). Outfall stations. P06, at 
dawn and P07, at all times, were the array stations of lowest temperature 
during 4 December 1979 (Tables 4.3.5 and 4.3.6.)_. As. noted previously· 
for the October study, stations P07 and P06 reflect the. inflow·of the 
Gunpowder River, especially during periods of higli. water and flood tide. 
The salinity data (Figure 4.3.11) are consistent with.. indicating that 
the waters of P06 and P07 reflect continuity witli. the Gunpowder River 
waters. 
The dissolved oxygen of the intake (Figure 4.3.12 and Table 
4.3.7) (13.00 mg o2 t-1; a=0.24; n=40) was greater than that of the 
outfall (11.58 mg o2 t-1; a=0.24; n=24). 
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The gross productivity using half-day in ~Uu incubations 
during the cold water temperature period is summarized in Table 4.3.8. 
For the dark period, the values of respiration were small in both the 
intake (-0.20.x 10-2 mg o2 ~-lh-1; o-=1~88, n=l?l and the. outfall (0.53 
x 10-2 mg o2 :t-'lh-1; cr=L 54; n::;;6}. P'or the day~ight period, the values 
were considerably greater: 3.57 x 10-2 mg o2 t-lli.. (cr=2.47. n=6) at 
the intake and 29.35 x 10-2 mg o2 .e.-lh (a=2.90, n=2). at the outfall. 
On the basis of this single station, the daylight.producti.Jrity was 
8.22 times greater at the outfall than at the :intake. Tliis increase. · 
was undoubtedly due to the greater phyboplankton biomass and higher 
temperature, both effects of the electric power generating station. 
This daylight- gross productivity at the outfall anchor station (2.9..35:x 
10-2 mg o2 l-lh-1) was somewhat greater tlian tna.t of tlie dayliglit. period 
during October (22.58 x 10-2 mg o2 t-lh.-1) when the temperatures were. 
21-22~C and the insolation was twice as great. A possi.lile. cause is 
that productivity was by a plank.tonic population adapted to th.e. lower 
temperature and that respiration, wich. is highly temperature aependent, 
may have been depressed. 
The gross productivity values for the full-day £n. .6liu. 
incubations for the waters of the intake and outfall arrays are reported 
in Tables 4.3.9 and4.3.10,respectively. Gross producti.v~ty of the 
intake waters for the dusk-to-dusk perio.d (2.06 x 10-2 -mg o2 .e.-lit-1; 
c:r-1.33; n=9) and that for the dawn-to-dawn period (2.14 x 10-2 mg 
o2 ~lh-1; cr=O. 85; n=9) did not differ significantly. The same 
measurements for similar incubation periods at a single station in the 
-- outfall waters were 5.89 x 10-2 mg o2 .e.-lh-J. (a=0~82;:n~3)- for ·dusk~to-
dusk and 4T17 x 10-2 mg 02 t-lnl (cr=l~ 22; n=3} · for dawn-to-dawn; 
these values did not differ significantly from each other either. 
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However, the full-day .i.n ~i;tu gross productiYity was approximately 
two-fold greater in the outfall waters than in tne intake waters. 
As mentioned previously, the chlorophyll~ levels were greater in 
the waters.of the outfall (10.6 µg ,e-1; aQl.7; n=lB) than in those 
of the intake (7. 6 µg £.-1; a=l~ 1; n=22). Undoubtedly, this increase 
in phytoplankton hio.mass, wlrl..chprooaoly differed both qualitatively 
and functionally, accounted for a significant difference in conmnmity 
metabolism between the intake and outfall waters. 
The oxygen demand, determined as the change in dissolved 
oxygen with time, the. waters of the intake. anchor station (SC2). and 
the outfall anchor station (P04) are reported in Tables 4.3.11 and 
4.3.12,. respectively. The oxygen demand was of the same order of 
magnitude for both intake (0.84 x 10-2 mg o2 l-
1h-1; a=0.16; n=S) 
and outfall (0.64 x 10-2 mg o2 t-lh-1; a=0.12; n=S). 
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4. 3. 4,. Comm.unity Metabolism 
The community metabolism determine.cl for the December study 
was quite limited, as expected, because of the low temperature and 
short period of insolation. Using three consecutive measurements of 
dissolved oxygen in the morning and early evening, the community 
metabolism at the intake anchor station (SC2) was slightly negative 
(-0.35 mg .i-1) for the period of observation. In contrast, however, 
comm.unity metabolism at the outfall anchor station (P04} wav greater 
(0. 7 5 mg o2 t-1). These values represent -3. 72% and 6. 60% of the 
dissolved oxygen of the water column at the intake (SC2) and outfall 
(P04) anchor stations, respectively. Alternatively, -2. 72% and 6.41% 
of the dissolved oxygen of the respective water columns was determined 
using a baseline established with the mean of all dissolved oxygen 
values of the respective dirunal curves: Intake (SC2) : 12. 9 mg o2 t-1; 
cr=0.2, n=40; Outfall (P04) 11.3 mg o2 t-1; cr=0.4, n=44) (Tables 4.3.13). 
The computation of community metabolism using the dissolved 
oxygen data collected at the array stations is an inappropriate 
calculation, probably because of the great disparity in environmental 
conditions (Table 4.3.14). 
The productivity values obtained during these observations 
were, in general, disappointing. A number of adverse conditions were 
encountered which raise questions about these procedures during the 
cold temperature. The oxygen content of the waters was reported near 
saturation or at supersaturation. Under such conditions, it is quite 
possible that the samples were inadequately fixed in the field and 
thus could lead to erroneous results, as reported with the oxygen 
content of the dark bottle often exceeding that of the. light bottle 
or the initial sample. Under the cold temperature condtitions of 
93 
these field observations, the biomass of th.e primary producer connnunity 
-was approaching its annual minimum; both respiration and production 
would be expected to be low (respiration, in particular, because it is 
temperature dependent whereas productivity-is largely independent of 
temperature but dependent upon light energy) • However, enough measure-
ments were obtained in order to identify, temporarily, the boundary 
conditions for respiration and production, and to see the effect of 
~levated temperature at the outfall. Suen. logisti.cal difficulties, 
as reported herein, probably account for the deartli.. of such field 
data in the literature [cf. CORY,. 19.74; BOYNTON et al., 1978]. 
In December, the changes in the dissolved oxygen values of the waters 
of both intake and outfall were two small for calculating comm.unity 
productivity, respiration and P/R ratio with confidence. 
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4. 3. 5. Continuous Monitor 
The self-containe<l ins.trument pac~ge was placed into service 
at the intake anchor station at 1440 on 3 Decem'6e.r'19.79·and :tt con-
tinued to operate tbro.ughout the. duration of observations until 0854 
on 5 December 19.79. Toe. parameters moni:.tored we.re. :tnsolation, light 
penetration through the surface waters to a deptli of O. 5 m, temperature 
in the surface waters, and dissolved oxygen 1n the. surface and bottOlll 
waters. A full cycle of measurements was completed· :tn approximately 
3.4 minutes. These data show that the. dirunal responses reflecting 
community metabolism were minimal (Figure 4.3.14}. However, the 
most important factor at this. time, ts that the. moni:.tor functions. 
satsifactorily under field conditiona. 
Recause of the difficulty with i.dentify~ng tlie. tide height 
in the field, it would 'be most advantageous to have tfuts tidal parameter 
also included in the monitor. One short coming of the monitor was the 
lack 9f suitable scaling for the readout of the data. However, this 
could easily be overcome by including a data logger in parallel to 
the analog recorder. 
It· should be noted that such :mon:ttors, w.ith..lllinor improvements,· 
could be placed into service at several locat:i:ons :tn 6otli. :to.take and 
outfall waters. With such. monitors in use, tlie longer term records 
obtained would permit more precise ident~ication of those. metabolic 
events which are coupled to b.ydrographic or meteorological events. In 
addition, the repeated measurements at close intervals in timew.ould 
provide enough redurldancy in order to observe events of 111Uch snorter 
duration. Wi.th. selected measurements made automatically, tli.e field 
crews would have more time to concentrate pri:marily on producti>v:tty· 
measurements, nth. limited time p~e.-empted for servic:i;ng the moni:.tors:. 
95 
4.3.6. SUDDDary 
Under the ambient cold temperature conditions of the waters 
and low insolation conditions of the December 1979 study, the following 
observations were noted: 
1. Environmental factors which were essentially the same at comparable 




4. sea state 
5. suspended solids 
2. Environmental factors which varied at comparable times of 
observation included 
1. tide stage 
2. water temperature 
3. chlorophyll.!_ 
3. Of the cotmnunity metabolism indicators which were comparable at 
both intake and outfal~ dissolved oxygen was most constant. 
Productivity measured in the outfall waters was greater than that 
measured in the intake; productivity exhibited a diurnal response 
in the outfall waters, whereas that at the intake did not. 
Furthermore, during this low insolation, low water temperature 
period other observations for this study are summarized: 
1. Insolation on a relatively clear day was typical and probably 
maximal for the . short insola tion period under study. The amom1t 
of solar radiation energy available to the ecosystem was half 
of that available during the October 1979 study. 
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2. Both the intake and outfall study areas were subjected to winds 
of approximately the same intensity ca~12 mph} and duration. 
3. The tidal fluctuations were great, with the water level depressed 
by approximately one meter, in the tidal creeks. 
4. The temperatures of the air and waters were cold, with. the waters 
of the outfall elevated above the intake hy as much as 4.4°C; the 
salinity was relatively constant: 
Intake anchor station (SC2) 
Outfall anchor station (P04} 
Temperature 
5.18 (0.42) 40 
7. 56 o. 33) 44 
Salinity 
1.09 (0.2) 38 
1.14 (0.14) 44 
5. The phytoplankton biomass, as reflected in the chlorophyll .!. values 
at the anchor stations, was greater in the waters of the outfall 
(10. 6 µg .e.-1 ; a = 1. 73; n=18) than in the intake (7. 6 µg .e.-1; 
a = 1.07; 22). 
6. Dissolved axygen values were always above saturation at the intake 
anchor station (SC2) and near saturation at the outfall anchor 
station (P04) during the period of insolation. During the periods 
of darkness, the dissolved oxygen values dropped below saturation 
at the ouffall anchor station (P04). 
7. Gross productivity, as reflected in both the diurnal curve 
and half day .ln .6-ltu measurements were minimal for the intake waters; 
gross productivity, as determined by half-day i.n 1,Uu. measurements 
at a single station in the outfall, were 8. 22 times greater than 
those for the intake waters. Adverse tidal conditions precluded 
the collection of observations over a great spatial array, as 
originally designed. 
8. The effect of tidal cycle on temperature of the outfall waters 
was clearly measured; the elevated outfall temperature dropped 
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significantly with the inflow of Gunpowder River waters on the 
flood tide. It is inferred that the effect of this drop in temper-
ature also reduced the respiration in the outfall waters. 
9. With minor modifications, the greater use of continuous monitoring 
of insolation, dissolved oxygen, and temperature, would permit 
the more precise observations on meteorological and hydrogm@phic 
data. If tidal height were also recorded continuously, a better 
relationship between the predicted tidal features and actual 
measurements would be possible. 
10. Although the processing of samples for suspended solids was more 
reliable in the December study (compared to that of the October 
data set), the data does indicate a definitive correlation with 
either time or wind. 
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Figure 4.3.1. Summary of Field Sampling Program in the Vicinity of the 
C. P. Crane Electric Power Generating Station. 
3-5 December 1979. 
A. Insolation and Predicted Tidal Cycle for the Gunpowder River 
[Times (EST) of Significant Tidal Features are indicated] 
SBE g slack before ebb Emax a maximum ebb current 
SBF a slack before flood Fmax a maximum flood current 
B. Time Lines [EST] Showing Times at which. Specific Samples 
were taken at the Intake 
C. Time Lines [EST] Showing Times at which Specific Samples 
were taken at the Outfall 
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Figure 4.3.2. Wind at the intake anchor station (SC2). 
December 1979. 
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Figufe 4.3.3. Temperature of the surface waters of the intake 
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Figure 4.3.5. Gross productivity (mg o2 t-lh-1 x 10-2) of the 
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Figure 4.3.6. Wind at the outfall anchor station (P04). 
December 1979. 
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Figure 4.3.7. Dissolved oxygen and temperature in the surface 
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Figure 4.3.8. Gross productivity (mg 02 l-lh-1) of the surface 
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Figure 4.3.9. Times of sampling at array stations. December 1979. 
Dusk at Left 
Dawn at Right 
Noon in Center 
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Figure 4.3.10. Temperatures (°C) of surface waters of the 
array stations. December 1979. 
Dusk at Left 
Dawn at Right 
Noon in Center 






















Figure 4.3.11. Salinity (o/oo) of the surface waters of the 
array stations. December 1979. 
Dusk at Left 
Dawn at Right 
Noon in Center 
























Figure 4.3.12. Dissolved oxygen (mg l-1) of the surface waters 
of the array stations. December 1979. 
Dusk at Left 
Dawn at Right 
Noon in Center 
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· Figure 4. 3.13. 
DAWN 
12/5 
Chlorophyll a (µg t-1) in the surface waters 
of the array-stations. December 1979. 
Dusk at Left 
Dawn at Right 
Noon .in Center 
[See Figure 2.1 for station nomenclature] 
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hv0 , ground, drift, 
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Table 4. 3.1. DECEMBER 1979 
INTAKE ANCHOR STATION (SC2) 
Swmnary of Meteorology and Hydrography 
3 DECEMBER 1979 I DECEMBER 1979 
Time 1707 1915 2010 2100 2200 2300· 0000 0100 0200 030B 
hV 
Wind 9 SSW 9 SW 10 SW 10-12 SW 10 SW - 10-12 SW 10-12 SW 9 SW 9-10 SW 
Secchi 
T X 5.9 5.4 5.6 5.4 5.6 5.2 5.2 s.o. s .. a. 4.4 
a a.a 0.1 0.1 0.1 0.5 0.1 0.4 0.1 0.1 0.2 
s - 1.4 X 1.2 1.2 1.1 1.0 1.0 0.8 1.0 1.0 0.9 
a 0.2 o.o a.a 0.1 o.o o.o 0.4 0.4 0.1 o.o 
DO X 12.4 12.7 12.8 12.8 12.9 12.9 12.9 12.9 13.0 13.1 
a 0.2 0.3 0.1 0.1 o.o o.o o.o o.o o.o 0.1 
%Sat. i 103.6 104.8 106.4 105.8 106.6 105.8 105.6 105.0 105.8 104.4 
a 1.3 2.1 0.2 0.9 1.4 0.2 0.8 o.o 0.3 1.1 
Chl X 7.6 7.1 6.8 - - 8.9 - - 9.2 
<J 0.2 0.1 0.9 1.6 0.3 
ss X 16.5 16.5 14.0 - - 38.0 - - 17.5 
1--' a 3.5 0.7 4.2 5.6 2.1 1--' 
u) 
4 DECEMBER 1979 5 DECEMBER 
Time 0400 0500 0600 0805 1005 1100 1300 1400 1500 1635 0745 -X n 
hv - - - 3 7 20 30 25 10 - 5 <J 
Wind 12-14 SW 9 SW 9-10 SW 10 W 7.5 SW 18 W 9W 10-12 W 22 W 8.5 W <2 
Secchi - - - 0.39 0.30 0.40 0.28 0.28 0.23 - 0.63 
T x 4.6 4.8 4.7 4.9 5.2 5.2 5.4 5.6 5.6 5.0 3.9 5.1 40 
a 0.1 0.1 0.3 0.1 0.1 0.1 0.1 0.2 0.1 5.0 0.1 0.5 
s X 1.2 1.2 0.9 0.9 1.2 1.2 1.4 0.8 1.3 0.9 0.8 1.1 38 
a o.o 0.1 o.o 0.1 o.o o.o 0.1 - o.o - o.o 0.2 
DO X 13.0 13.0 12.8 13.1 12.9 13.0 12.9 12.9 12.9 12.8 13.1 12.9 40 
a 0.1 0.1 0.1 0.1 o.o 0.1 o.o o.o ' 0.0 0.1 o.o 0.2 
%Sat. i 105.2 105.7 103.8 106.8 105.9 106.0 106.8 106.8 106.9 103.8 103.6 105.6 40 
<J 0.7 0.8 1.3 1.0 0.1 0.8 0.4 0.6 0.4 0.6 0.4 1.2 
Chl X - 7.4 - 6.7 - 7.6 8.2 8.2 - 6.2 5.8 7.6 22 
<J 0.9 0.3 0.3 1.5 0.3 0.3 0.8 1.1 
ss i - 20.5 - 22.5 - 16.5 25.0 31.5 - 22.0 15.0 21.3 22 
<J 4.9 4.9 2.1 2.8 2.1 o.o - 8.1 
Table 4.3.2. Productivity values [mg o2 t-lh-1 x 10-2] for 6 hour in ~i.;tu. 
incubations at the l:ntake Ancnor Station (SC2). December 1979. 
Date/Time Date/Time h Initial Light Dark Grossl Net2 Respir.3 
In Out [mg 02 t-1] [mg 02 t-lh-1 X 10-2] 
--- --
3/1740 3/2340 6.00 10.89 11.12 11.11 
10.92 11.34 10.95 
10.86 11.31 11.26 
x 10.89 11.26 11.11 2.50 6.17 3.67 
a 0.03 0.12 0.16 
n 3 3 3 
3/2045 4/0220 5.58 10. 77 11.08 11.58 
11.00 10.80 10.94 
10.37 11. 77 10.97 
x 10.71 11.22 11.16 1.08 9.14 8.06 
a 0.32 0.50 0.36 
n 3 3 3 
3/2325 4/0528 6.05 11.14 11.11 11.14 
11.03 11.11 11.08 
11.00 11.17 11.51 
i 11.06 11.13 11.24 -1.82 1.1,· 2.98 
a 0.07 0.03 0.23 
n 3 3 3 
4/0225 4/0830 6.08 11.28 11.34 11.17 
11.06 11.34 11.08 
11.40 11.34 11.03 
i 11.25 11.34 11.09 4.11 1.48 -2.63 
a 0.17 o.oo 0.07 
n 3 3 j 
4/0839 4/1415 5.60 10.94 11.32 10.92 
11.23 11.32 10.89 
10.86 11.03 10.97 
i 11.01 11.22 10.93 5.18 3.75 -1.43 
a 0.19 0.17 0.04 
n 3 3 3 
4/1120 4/1700 5.66 11.14 11.54 11.23 
11.23 11.74 11.34 
11.23 11.48 11.40 
x 11.20 11.59 11.32 4. 77 6.89 2.12 
a 0.05 0.14 0.09 
n 3 3 3 
4/1422 4/2200 6.63 11.20 10.97 10.83 
10.97 11.86 10.92 
10.94 11.06 
x 11.04 11.42 10.94 7.24 5.13 -1.51 
a 0.14 0.63 0.12 
n 3 2 3 
i 11.02 11.31 11.11 3.29 4.90 1.61 
Composite a 0.18 0.15 0.14 2.99 2.92 3.76 
n 7 7 7 7 7 7 
!Gross= Light-Dark 2Net = Light-Initial 3Respirat:ion "' 
Dark-Initial 
h h h 
Table 4.3. 3. DECEMBER 1979 Sunmary of Meteorology and R.ydrography 
OUTFALL ANCHOR STATION (P 04) 
3 DECEMBER 1979 4 DECEMBER 1979 
Time 1751 1920 2000 2100 2220 2300 0000 0100 0200 0300 0400 i n 
hv - - aw - - - - - - - - a Wind 2.5 SSW 2.5 W 12 gusting 12 s.w 14 SW. 12 WSW: 1.o_sw 7 Sl{ 14 SW 9 ... 5 SW 
to 20 SW 
Secchi 
T X 6.2 5.4 5.4 6.6 7.5 8.8 9.3 !l.4 9. •. a 8.6 7 .. 8 
a 0.4 0.4 0.3 0.1 0.8 0 .• 0 0.1 o.o 0 .. 1 0.2 0.9. 
s x 1.1 1.1 1.2 1.2 1.2 1.2 1.2 1.0 1.3 1.0 1.2 
a 0.1 0.1 o.o 0.1 o.o o.o o.o o.o o.o o.o o.o 
DO X 12.3 12.0 11.8 11.8 11.4 11.2 11.2 11.2 11.0 11.0 11.0 
a 0.1 0.1 0.1 o.o 0.1 0.1 o.o 0.1 0.1 o.o 0.1 
%Sat. x 99.1 97.8 100.4 99.6 100.8 101.6 102.4 99.7 98.4 97.0 
a 0.4 0.1 0.1 1.8 0.6 0.4 0.4 0.4 0.7 3.5 
Chl x 11.6 13.6 - - 10.2 - - 10.4 - - 9.4 
a o.o 1.1 1.9 2.8 1.4 
\=a ss x 29.0 17.5 - - 14.0 - ~ .. 26.0 . .... .. - .. 19.0 
VI a o.o 3.5 1.4 1.4 9.9 
4 DECEMBER 
Time 0500 0600 0700 0816 09.00 1000 1100. 1200 1300. 1400. 1500 .x n 
hV - - 1 3 3 8 21 21 30 21 14 a 
Wind 8 SW 8.5 SW 8. 5 WSW 6.5 W 5 WSW 10 SW 17 14 W 16 W 12 WNW 9 NW 
Secchi - - 0.60 0.52 0.53 0.59 0.69 0.55 - 0.58 0.51 
T x 8.4 7.2 4.6 6.6 7.0 7.2 7.4 8.2 8.5 8.6 8.2 7.4 44 
a 0.3 0.2 0.2 0.6 0.4 o.o o.o o.o o.o 0.1 o.o 1.7 
s x 1.2 . 1.0 0.9 1.2 1.2 0.8 1.1 1.0 1.0 1.2 1.2 1.1 44 
a 0.0 o.o 0.1 o.o o.o 0.2 0.1 a.a o.o o.o o.o 0.1 
DO - 11.1 11.2 11.6 11.4 11.4 11.4 11.2 11.2 11.2 10.9 11.0 11.3 44 X 
a 0.1 0.1 o.o 0.1 0.1 o.o a.a 0.1 o.o a.a 0.1 0.4 
%Sat. i 99.0 96.4 94.0 96.8 91.5 98.1 97.2 98.4 100.0 97.1 96.8 98.5 42 
a 2.0 0.3 0.4 1.8 1.4 0.2 0.4 0.6 0.1 0.1 0.6 2.1 
Chl X - - 9.8 - - 9.6 - - 9.0 - 11.5 10.6 18 
(J 1.1 0.4 0.3 1.3 1. 7 
ss i - - 14.0 - - 18.0 - - 20.5 - 14.5. 19.2 18 
(J o.o 1.4 2.1 0.7 5.8 
Table 4.3. 3. DECEMBER 1979 Sutmnary of Meteorology arid R.ydrographf , 
OUTFALL ANCHOR STATION (P04) 
3 DECEMBER 1979 4 DECEMBER 1979 
Time 1751 1920 2000 2100 2220 2300 0000 Q1QQ. 0200 030Q Q4QQ x n 
hv - - aw - - - - - - - - CI Wind 2.5 SSW 2.5 W 12 gusting 12 S.W 14 SW 12 WSTil 7 .o~ SW 7 S\{ 14 SW: 9 ... 5 SW 
to 20 SW 
Secchi 
T X 6.2 5.4 5.4 6.6 1.5 8.8 9.3 9..4 9..-a 8.6 7 .. 8 
(J 0.4 0.4 0.3 0.1 0.8 a.a 0.1 o.o 0 ... 1 0.2 0.9. 
s i 1.1 1.1 1.2 1.2 1.2 1.2 1.2 1.0 1.3 1.0 1.2 
(J 0.1 0.1 o.o 0.1 0.0 o.o o.o o.o o.o o.o 0.0 
DO i 12.3 12.0 11.8 11.8 11.4 11.2 11.2 11.2 11.0 11.0 11.0 
(J 0.1 0.1 0.1 o.o 0.1 0.1 o.o 0.1 0.1 a.a 0.1 
%Sat. x 99.l 97.8 100.4 99.6 100.8 101.6 102.4 99.7 98.4 97.0 
(J 0.4 0.1 0.1 1.8 0.6 0.4 0.4 0.4 0.7 3.5 
Chl i 11.6 13.6 - - 10.2 - - 10.4 - - 9.4 
(J o.o 1.1 1.9 2.8 1.4 
\=a ss x 29.0 17.5 - - 14.0 - - .26.0 ..... - - 19.0 
V1 (J o.o 3.5 1.4 1.4 9.9 
4 DECEMBER 
Time 0500---- 0600~ 0700 .. 0816 09.00 1000 1100. 1200 130Q 1400. 1500 X n 
hV - - 1 3 3 8 21 21 30 21 14 (J 
Wind 8 SW 8.5 SW 8. 5 WSW 6.5 W 5 WSW 10 SW 17 14 W 16 W 12 WNW 9 NW 
Secchi - - 0.60 0.52 0.53 0.59 0.69 0.55 - 0.58 0.51 
T x 8.4 7.2 4.6 6.6 7.0 7.2 7.4 8.2 8.5 8.6 8.2 7.4 44 
(J 0.3 0.2 0.2 0.6 0.4 o.o o.o 0.0 o.o 0.1 o.o 1. 7 
s x 1.2 1.0 0.9 1.2 1.2 0.8 1.1 1.0 1.0 1.2 1.2 1.1 44 
(J o.o o.o 0.1 o.o o.o 0.2 0.1 o.o o.o o.o o.o 0.1 
DO X 11.1 11.2 11.6 11.4 11.4 11.4 11.2 11.2 11.2 10.9 11.0 11.3 44 
(J 0.1 0.1 o.o 0.1 0.1 a.a o.o 0.1 o.o o.o 0.1 0.4 
%Sat. x 99.0 96.4 94.0 96.8 97.5 98.1 97.2 98.4 100.0 97.1 96.8 98.5 42 
(J 2.0 0.3 0.4 1.8 1.4 0.2 0.4' 0.6 0.1 0.1 0.6 2.1 
Chl X - - 9.8 - - 9.6 - - 9.0 - 11.5 10.6 18 
(J 1.1 0.4 0.3 1.3 1.7 
ss x - - 14.0 - - 18.0 - - 20.5 - 14.5 19.2 18 
(J o.o 1.4 2.1 0.7 5.8 
Table 4.3.4. Productivity values [mg o2 l-1ti-l x 10-2] for 6-hour .in A.ltu 
incubations at the Outfall Anchor Station (P04). December 1979 
Date/Time Date/Time h Initial Light Dark Grossl Net2
1 
Respir.3 
In Out [mg o2 £.-1] [mg 02 t-lh- X l0-2] 
3/1723 3/2200 4.62 10.06 10.52 11.23 
10.18 10.69 9.24 
10.38 9.41 11.06 
i 10.21 10.21 10.51 -6.49 o.o 6.49 
a 0.16 0.70 1.10 
D 3 3 3 
3/1910 4/0100 5.83 8.96 11.63 11.46 
10.63 11.40 11.32 
9.43 11.29 11.09 
- 9.67 11.44 11.29 2.57 30.36 27.79 X 
a. 0.86 0.17 0.19 
n 3 3 3 
3/2215 4/0415 6.00 10.49 10.18 10.49 
10.66 11.00 10.18 
10.60 10.94 10.72 
x 10.58 10.71 10.46 4.17 2.17 -2.00 
a 0.09 0.46 0.27 
n 3 3 3 
4/0120 4/0642 5.37 10.66 9.41 10.38 
10.66 10.29 10.23 
10.43 9.95 8.16 
i 10.58 9.98 9.59 7.26 -11.17 -18.44 
a 0.13 0.44 1.24 
n 3 3 3 
4/0425 4/1000 5.58 10.29 10.23 8.24 
10.43 10.58 9.24 
10.97 10.41 9.95 
x 10.56 10.41 9.14 2.95 -3.59 -6.55 
a 0.36 0.18 0.86 
n 3 3 3 
4/0710 4/1240 5.50 9.75 10.63 10.29 
9.95 10.86 10.38 
9. 72 10.94 9.34 
i 9.81 10.81 10.00 14.73 18.18 3.45 
a 0.13 0.16 0.58 
n 3 3 3 
4/1014 4/1543 5.48 10.80 11.37 10.57 
9.37 9.83 10.11 
10.54 10.26 10.66 
x 10.24 10.49 10.45 o. 73 4.56 3.83 
a 0.76 0;79 0.30 
n 3 3 3 
4/1255 4/1900 6.08 10.86 11.34 10. 77 
10.91 11.09 10. 71 
10.89 11.09 11.06 -
X 10.89 11.17 10.85 5.26 4.61 -0.66 
a 0.03 0.14 0.19 
n 3 3 3 
4/1535 4/2225 6.83 11.11 11.00 10.91 
11.26 11.03 11.14 
11.06 11.31 10.97 
x 11.14 11.11 11.01 1.46 -0.44 -1.90 
a 0.10 0.17 0.12 
n 3 3 3 
loross a Light-Dar~oo 2 Light~Initial 100 3Respir a Dark-InitialxlOO 
h. 
Net a h X h 
X a mean a= standard deviation 
1l6 
rable 4.3.5. Dece.mher 19.79-•. Sllt11llla~y of }le.te.oJ;o~Qgf and Ryd~ographf at the. 
Intake: Ar:ra"f s·tationa- · · 
DECEMBER 
3 4 4 .4 5 .x(cr)n 
Pll Time 1814 0910 1230' 160.0... 0812 
h'V 10 35 s 8 
Wind 9 SSW 7 SW 10 W' aw 4 E 
Secch:t 0~40 0.32. 0.28 0.60 
T s s.o 5.5 6.0 5.8 s.o 
2 6.0 5.8 6.0 5.7 5.3 
B 6.0 5.8 5.9 5.7 5.3 5.3(1.3)15 
s s 0.9 a.a 0.9 0.8 0.7 
2 0.9 0.8 0.9 0.8 0.7 
B 1.0 0.9 a.a 0.8(0 .. 1)13 
DO s 12.6 13.1 12.8 12 .. 7 13 .. 0 
2 12.4 12.8 12.8 12.7 13 .. a 




Chl S 5.1 6.8 7.3 6.2 4.0 
B 4.5 7.6 7.1 6.Q 5.6 6.0(1.2)10 
ss s 18.0 18.0 24.0 12 .. 0 
B 16.0 32.0 29.0 14.0 8.0. 19.0(7.9)9 
SC2 Time 1707 0805 1300 1635 0745 
h)' 7.7 3 30 5 
Wind 9 SSW 10 W 9W 8.5 W <2 
Secchi 0.39 0.28 0.63 
T s 5.9 4.8 5.5 5.0 3.8 
2 
B 5.9 5.0 5.3 s.o 4.0 5.0(0. 7) 10 
s s 1.2 0.8 1.3 0.9. 0.8 
2 
B 1.5 1.0 1.4 0.8 1.1(0.-3) 9 
DO s 12.3 13.l 12.95 12. 7 13.1 
2 




Chl S 7.7 6.5 7.2 5.9 5.3 
B 7.4 6.9 9.3 . 6.4 6.4 6.9(1.1)10 
ss s 14.0 19.0 27.0 22.0 15.0 
B 19.0 26.0 23.0 22.0 20.8(4.5)9 
117 
Table 4. 3. 5 (continued}. 
. .............. 
........ ···DECEMBER·: 
3· 4 4 4 . ·5 x(cr)n 
Pl2 Time 1445 0745 1200 1722 .. 0730 
hv o 1.0 30 5 
Wind 9 SSW 6 SW 14 W 9·.s w- <2 
Secchi 0.62 0.42 0.30 0.68 
T s 5.8 3.8 4.6 5.0 4.3 
2 5.8 3.8 4.5 4.9 4.3 
B 5.9 3.9 4.3 4.8 4.5 4.7(0.7)15 
s s 1.2 1.6 1.8 1.0 1.0 
2 1.2 1. 7 1.8 1.1 1.1 
B 1.5 1.8 1.8 1.2 1. 4(0. 3}14 
DO s 12.8 13.7 13.1 13.0 13.1 
2 12.8 13.3 13.1 13.1 13.1 




Chl S 6.7 9.0 10.2 . 8.8 8.5 
B 7.4 9.6 11.0 8.2 7 .9. 8. 7(1. 3) 10 
ss s 13.0 18.0 25.0 32.0 10.0 
B 7.0 23.0 23.0 25.0 9.0 18. 5(8.4)10 
Pl5 Time 1600 0715 1150 1745 0710 
h'V 5 a 30 0 
Wind 7 W 7.5-8 SW 18 W 4W <2 
Secchi 0.52 0.41 0.42 0.62 
T s 5.5 4.0 5.5 5.0 4.5 
2 5.5 4.2 5.8 4.9 4.8 
B 5.8 4.6 5.9 4.7 4.5 5.0(0. 6)15 
s s 1.2 1.2 1.8 1.0 1.1 
2 1.2 1.2 1.8 1.0 1.2 
B 1.5 1.3 1.8 1.1 1.2 -1.3(0.3) 15 
DO s 14.1 13.2 13.0 13.0 12.9 
2 14.7 13.2 12. 7 13.1 12.9 




Chl S 8.4 8.8 9.4 7.7 7 .2 . 
B 9.2 . 9.1 9.4 8.4 11.2 8. 9(1.1}10 
ss s 11.0 22.0 23.0 22.0 11.0 
B * 18.0 11 .a 19.0 .. 1a·.o .:P~9(4".4)9' 
T 5. 7(0.3111 4. 4(1.4)11 5.4(0.6111 5.1(0.4).11 4. 6(0 •. 5)11 5.0(0. 5) 5 
s 1.2(0.2}10 1.2(0.4}11 1. 5(0.4)11 o .• 9.(0.119. 1 •. aca..2110 1.2(0.2)5 
DO 13.1(0. 9} 11 13.1(0.3}11 13. 0.(0. 1111 12. 9:.(0. 2111 13.0.(0.1)1113~0(0.1)5 
%S 
Chl 7.1(1.6}8 · 8.40'. •. 0JB· . 8.-9:.(1..Sl.8 7 •. 2ci:.21a 7 •. l(t.118 7 .. 7(0.9.) 5 
ss 14. 0(4. 2) 7 22. ac5·.m}8 25~1(4'.1)8 15.1(5'.6)7 11.9'(3.5}7 17. 6(5. 6)5 
*LQst 118 
Table 4. 3. 6. Decemhet'l9J9-.. SU1U111ary. of Meteoi;iQ~Q_gy -a~d · H.~~ograph.f' at the 
On tf all A-nay.·. Jtat~ns·, · 
DECEMBER 
3 . 4 4 ·4 . . . 5 x(O')n 
P4 Time 1751 0700 1700 1500 . 
h'V 1 21 14 
Wind 2.5 SSW 8.5 WSW 9 NW" 
Secchi 0.60 0.55 0.51 
T s 6.0 4.5 8.2 8.2 . 
B 6.5 4.8 8.2 8.2 . 6.8(1.6)8 
s s 1.0 1.0 1.0 1.25 
B 1.25 0.8 1.0 1.25 0.9(0.3)8 
DO s 12.4 11.65 11.2 10.9 
B 12.2 11.65 11.1 11.0 11. 5(0. 6)8 
%S s 
B 
Chl S 14.6 10.5 8.8 10.6 
B 11.6 9.0 9.2 12.4 10.8(2.0)8 
ss s 19.0 14.0 22.0 14.0 
B 29.0 14.0 19.0 15.0 19.5(6.5)8 
PS Time 0728 1209 1558 
h'V 1 25 3 
Wind 8 WSW 14 W 10 W 
Secchi 0.56 0.36 0.50 
T s 5.1 7.95 8.5 
B 5.15 7.9 8.25 5.8(3.1)6 
s s 1.0 1.25 1.25 
B 0.8 1.25 1.25 6.0(1.1)6 
DO s 11.7 11.4 10.85 
B 11.65 11.4 10.8 11. 3(0.4) 6 
%S s 
R 
Chl S 12.1 12.0 9.9 
B 9. 9. 11.0 12.6 11. 3(1. 2) 6 
ss s 22.0 28.0 37.0 
B 42.0 26.0 19.0 29.3(9.5} 6 
Table 4.3.6 (continuedl. 
. ... ...... . . . 
· .. : · 'DE.CEMSER:'. · 
.. ............................ ······ . ............. 
3 · .. ·4 ·4 ·4 5 x(crln 
P6 Time 0743 1218 1605 
h'V 2 . 24 3 
Wind 8 WSW: 10 W 7.5 W 
Secchi 0.48 0.60 0.53 
T s 3.75 6.3 . 7.0 
B 3.8 6.1 1 .as 5.7(1.5}6 
s s 0.5 1.1 1.2 . 
B 0.6 1.1 1.2 . 1.0(0.316 
DO s 12.0 11.6 11.3 
B 11.95 11.6 11.3 11. 6(0.3} 6 
%S s 
B 
Chl S 11.7 11.2 . 12.2 . 
B 11.3 13.'5 9.4 11. 6(1.3) 6 
ss s 22.0 17.0 23.0. 
B 26.0 18.0 16.0. 20.3(3. 916 
P7 Time 0755 1227. 1615 
liY 2 . 26 2. 
Wind 6 WSW 14.25. W 3.5 W 
T s 4.15 4.0 4.3 . 
B 4.0 4.1 4.45. 4.2(0.2) 6 
s s 0.75 0.4 0.25. 
B 0.5 0.4 0.25. 0.. 4(0.2) 6 
DO s 12.05 12.a 11.7. 
B 11. 7 12.0 11.75 11. 9:(0.2) 6 
%S s 
R 
CH1 s 10.9 12.5 11.3 . 
B 10.1 11.9 12.2 . 11.5(0.9.}6 
ss s 25.0 30.0 27.0 
B 27.0 18.0 20.0 . 24.5(4.616 
T 6.3(0.4)2 4.4(0. 6)8 6.6(l.8)8 1.00.718 6.1(1.2) 4 
s 1.1(0.2)2 o. 7(0. 2)8 0.9(0.3}"8 1.0(0.518 a. 9.(.0.2>. 4 
DO 12.3(0.1)2 11.8(0.2)8 11.5(0.3)8 11.2(0.418 11. 7(0.5)4 
%S 
Chl 13.1(2.1)2 10. 7(1. 0)8 11.3(1. 6)8 11.3(1.2}8 11.6(1.0}4 
ss 29.0(0. 0)2 24.0(8.8}8 22. 3(5.1)8 21.40. 7)8 24.2(3.414 
120 
Table 4.3.7. DECEMBER 1979. Dissolved oxygen (Jllg o2 £-
1) at array 
stations. 
DUSK DAWN NOON 
12/3 12/4 12/4 12/5 12/4 
INTAKE 
Pll 12.6 12.7 13.1 13.d 12.8 
12.4 12.7 12.8 13.0 12.8 
12.1 12.8 12.8 12.9 12.8 
12.4(0.3)3 12.7(0.1)3 12.9(0.2)3 13. 0(0.1) 3 12 .8(0. 0) 3 
SC2 12.3 12.7 13.1 13.1 12.95 
12.6 12.8 13.2 13.1 12.95 
12.5(0. 2)2 12.8(0.1)2 13.2(0.1)2 13.l[O. 0) 2 13.0(0. 0)2 
Pl2 12.8 13.0 13.7 13.1 13.1 
12.8 13.1 13.3 13.1 13.1 
12.8 13.2 13.2 13.0 13.0 
12.8(0.0)3 13.1(0.1) 3 13.4 (0. 3) 3 13.1(0.1)3 13.1(0.1) 3 
P15 14.1 13.0 13.2 12.9 13.0 
14.7 13.1 13.2 12.9 12.7 
14.8 13.0 13.1 13.1 12. 7 
14.5(0.4)3 13.0(0.1)3 12. 2(0.1} 3 13. O(.O. 1) 3 12.8(0.2)3 
OUTFALL 
P04 12.4 10.9 11.65 11.2 . 
12.2 11.0 11.65 11.1 
12.3(0.1)2 11. 0(0.1)2 11. 7(0. O) 2 11.2(0.1)2 
P05 10.85 11. 7 11.4 
10 .. 8 11.65 11.4 
10. 8(0. O) 2 11. 7(0. O} 2 11. 4(0. 0) 2 
P06 11.3 12.0 11.6 
11.3 11.95 11.6 
11.3(0.0)2 12.0(0.0)2 11. 6(.0. O) 2 
P07 11.7 12.05 12.0 
11.75 11.7 12.0 
11. 7(0.0)2 11.9(0.2)2 12. 0(0. 0}2 
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Table 4.3.8. Productivity values [mg o2 t-lh-1 x 10-2] for half-day ,in .6Uu incubations at the selected array stations. 
December 1979. , 
INTAKE 
Station Dusk to Dawn 
SC2 -1.30 3.00 
2.90 1.90 
-3.10 -0.60 
i(cr)n -a.so (3. 08) 3 1. 43 + 1.84 
Pll -1.,20 4.90* 
* 0.30 
o.oo 
x(cr)n -1.20 0.15 (0.21) 3 
PlS -2.70 -1.10 
0.00 -2.40 
1.30 o.oo 
i(cr)n 0.47 (2.04) 3 -1.17 (1.20) 3 
i(cr)n -0.20. (1.88) 15 
OUTFALL 
P04 2.10 -0.90 
2.10 -0.90 
1.60 -0.80 
x(cr)n 1.93 (0.29) 3 -0.87 (O. 06) 3 
i(cr)n 0.53 (1.54) 6 
*omitted from calculation 
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2. 67 (1.10} 3 





29.35 (2. 90) 2 
Table 4.3.9. Productivity values [mg o2 z-lh-1 x 10-2] for full-day in ~.l:tu. 
incubations at selected intake array stations (SC2, Pll, Pl•5) 
December 1979. 
Station Time Xime h Initial Light Dark Gross1 Net2 Respir.3 
Date In Out Cmg o2 z-11 __ [mg 02 z-lh-1 X 10-2] 
Dusk:..to-Dusk Incubation· 
SC2 3 4 24.22 11.00 11.80 11.43 1.53 3.30 1. 78 
3 Dec 1707 1730 10172 11.57 11.31 1.07 3.51 2.44 
9.87 11.80 11.34 1.90 7.97 6.07 
i 10.53 11.72 11.36 1.50 4.93 3.43 
a 0.59 0.13 0.06 0.42 2.64 2.31 
n 3 3 3 3 3 3 
Pll 3 4 22.23 10.45 11.00 10.86 0.63 2.47 1.84 
3 Dec 1850 1624 10.83 11.17 10.74 1.93 1.53 - 0.40 
~ 11.11 ~ 4.86 1.26 - 3.60 
i 10.70 11.09 10.54 2.47 1.75 - 0.72 
a 0.22 0.09 0.45 2.17 0.64 2.73 
n 3 3 3 3 3 3 
Pl5 3 4 25.33 9.19 11.68 11.14 2.13 9.83 7.70 
3 Dec 1640 iaoo 10.41 11.48 10.60 3.47 4.22 0.75 
9.84 !.!:!!! ~ 1.03 6.95 5.92 
x 9.81 11.59 11.03 2.21 7.00 4.79 
a 0.61 0.10 0.38 1.22 2.81 3.61 
n 3 3 3 3 3 
i 10.35 11.47 10.98 2.06 4.56 2.43 
Composite a 0.60 0.30 0.46 1.33 3.01 3.60 
n 9 9 9 9 9 9 
Dawn-to-Dawn Incubation 
SC2 4 5 23.50 10.92 11.09 10.58 2.17 0.72 - 1.45 
4 Dec 0820 0750 10.97 11.17 10.94 0.98 0.85 - 0.13 
~ 11.09 ~ .!.:2Z. 1.11 - 0.47 
i 10.91 11.12 10.75 1.57 0.89 - 0.68 
a 0.07 0.05 0.18 0.60 0.20 0.69 
n 3 3 3 3 3 3 
Pll 4 5 23.33 10.89 10.92 10.06 3.69 . 0.13 - 3.56 
4 Dec 0935 0815 11.17 11.14 10.60 2.31 -0.13 - 2.44 
.!b_g 11.26 10.72 2.31 0.60 - 1.71 
i 11.06 11.11 10.46 2. 77 0.60 - 2.57 
a 0.15 0.17 0.35 0.80 0.20 0.9S 
n 3 3 3 3 3 3 
P15 4 5 23.83 11.03 11.66 11.40 1.09 2:64 1.55 
4 Dec 0730 0710 11.37 11.48 10.94 2.27 0.46 - 1.80 
10.83 11.60 10.92 2.85 3.23 0.38 
x 11.08 11.58 11.09 2.07 2.11 0.04 
(j 0.27 0.09 0.27 0.90 1.46 1.70 
n 3 3 3 3 3 3 
x 11.01 11.27 10.76 2.14 1.07 - 1.07 
Composite a 0.18 0.25 0.36 0.85 1.13 1.56 
n 9 9 9 9 9 9 
lG Light-Dark 2Net m L:!:ght-Initial 3aespiration = Dark-Initial ross = h h h 
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Table 4.3.l,O. Productivity values [mg o2 t-lh-1 x 10-2] for full-day in .6.ltu. incuoations at Outfall Anchor station (P04). 
December 1979. 
Productivity [Full Day IncubationJ 
[mg Oz t-lh-l x 102]' 
Station Time Time h Initial Light Dark Gross1 Net2 Respir.3 
Time In Out [mg Oz t-1] __ [mg Oz t-lh-1 x 10-2] 
Dusk-to-Dusk Incubation 
P04 3 4 22.40 10.06 12.20 10.80 6.25 9.55 3.30 
3 Dec 1726 1550 10.18 12.25 11.14 4.96 9.24 4.29 
10.38 12.37 10.92 6.47 8.88 2.41 
-X 10.21 12.27 10.95 5.89 9.22 3.33 
a 0.16 0.09 0.17 0.82 0.33 0.94 
n 3 3 3 3 3 3 
Dawn-to-Dawn Incubation 
P04 4 5 25.22 10.63 11.14 10.21 3.69 2.02 - 1.67 
4 Dec 0708. 0821 9.95 11.23 10.66 3.26 5.08 2.82 
9.72 11.40 10.00 5.55 6.66 1.11 
X 10.10 11.26. 10.29 4.17 4.59 0.75 
a 0.47 0.13 0.34 1.22 2.36 2.27 
n 3 3 3 3 3 3 
lG. Light-Dark ross = h 2Net = Light-Initial h 
3R i ti _ Dark-Initial esp ra on - Ii 
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Tahle 4.3.11. December .1979 •. ~gen .Demand· ~ 02 ~-~h.-1 x 10-2) of 
audace·wter~.at Var:tous- T:taal St:ages 
at tne.· ?nta1c.e· Anclior Stat:ton (S'C2}. 
Date 'Time ·Hours a+ o.+ c+ - -
I 3 1750 o.aa 10.57 10451 11.25 
4 1820 24.50 10.~7 10.99 10.95 
6 0955 64. 03 . 10.83 . 10.89 10.81 
10 Q900 123.11 10. 13 . 10 .• 00 9.96 
12 . 1335 lfi3. 69 9.03 . 8~53 9160 
y intercept 11.278 
slope= ~xygen demand -0.0102 
correlation coefficient -0. 988 · 
II 3 2028. o.oo 10.9:5 11.09 11.01 
4 2020 23.86 10.38 10.75 10.79 
SBE 6 0955 61.44 10.73 10.89 10.73 
10 0900 156.52 10.10 10.00 10.08 
12 1335 209.10 9.58 8.51 9.74 
y intercept 11.01 
slope = oxygen demand -0.0060 
correlation coefficient -0.994 
III 3 2340 o.oo 8.85 10.85 10.93 
4 2220 22.66 10.87 10.77 '10.89 
-Emax 6 0955 58.25 10.59 10.77 10.85 
10 0900 153.33 9.98 9.62 9.64 
12 1335 205.91 9.54 9.33 . 9.46 
y intercept 10.98 
slope= ~xygen demand -0.0081 
correlation coefficient -0.976 
IV 4 0215 o.oo 10.75 11.07 11.11 
5 0545 27.50 10.59 10. 9.9 10.93 
SBF 6 0950 55.58 11.07 10.71 11.05 
10 0900 150.25 10.06 9.70 9.76 
12 1340 203.41 9.46 
y intercept 11.18 
slope == oxygen demand -0.0096 
correlation coefficient -0.99.03 
V 4 0515 o.oo 10. 9.9 11.11 10.99 
5 0550 24.58 10.77 10.83 11.01 
Fmax 6 0953 52.80 10 .• 85 10.81· 10.87 
10 0900 147.75 9.68' . 9.99. 9.78 
12 1340 200..41. 8.9.1 9.~46 · · 9 .• 44 .. 
y intercept 11.12 
slope= oxygen demand O.Q0.81 
correlation coefficient .... .... .. ... 0.9..939 ... 
. . . . . . . ' ........ . . . . . . . . . . . . . . . . . . . . . 
Slope= 0.84 X 10-2 mg 02 t-lh-1 (o=:0.0016) n=S +mg 02 .e_-1 
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Table 4.3.12 •. December 1q79. ~gen· Demand:~ Oz :e-1it_-l x 10-2) of 
Surface 'Waters- at ·Vai':tons T:taal s·tages 
at tn.e· Outfall Anclior Stat:ton (p(J4) • 
·nate - ·~ · ·1roura- a+ o.+ c+ 
I 3· 1744· a.ao 9.66 10.08 9.82 
4 ·1753. 24.15 9.84 9..S4 9.84 
6 lOOS 64. 35' 10.20. 10.24: 10.14 
10 0855 15g.15 8.89. 8.83 . 8.77 
12 1330· 211.77 8.36' 8.43 8.14 
y intercept lQ.103 
slope = oxygen demand -0.0078 
correlation coefficient -0.8883 . 
II 3 1919 a.a 10.30 10.20 10.35 
4 1924. 24.08 g.q8 9.90 9.9.9 
-SBE 6 .1005 62.77 10.77 ln.69 10.65 
10 0855 157.60 9..39' 9.2i 9.41 
12 . 1330· 210.18 8.40 8.68 ·8.78 
y inter~ept 10. 49.0 
slope= oxygen demand -0.0076 
correlation coefficient -0.8480 
III 3· 2225. o.o 8.82 9.93 9 .• 55 
4 2230 24.08 9.31 9.33 . 9.31 
Emax 6 1005 59.67 10.29 10.17 10.11 
10 0855 154.50. 9.03 .· 8. 9.0 .. 8.10 
12 1330 207.08 8.20 8~46 8.86 
y intercept 9 .• 727. 
slope= oxygen demand -0.0056 
correlation coefficient 0.6.$74 
IV 4 0130 o.o 9.64 9.68 9.44 
4 2234 21.07 9.41. 9.15 9.11 
... SBF 6 1015 56.75 10.04 10.00 10.00 
10 0855 151.42 9 .• 17 8.83 9.15 
12 1325. 203. 92 8.42 ... - · ·8.42 : ·8.40 
y intercept 9.713 
slope = oxygen demand -0.0053 
correlation coefficient -0.7549 
V 4 0440 a.a 9.42 9.37 9.68 
4 2235 17.91 9.17 9.25 . 9.21. 
Fmax 6 1015 53.58 9.86 9 .• 9.0. 10.02 
10 0855 148.25 8.59 8. 9.9. 8 .. 91 
12 1325 200.75 8.79 8~12 -s.22: 
y intercept 9-. 633 . 
slope= ~xygen demand -0.-0055 
correlati.on coeff ici:ent. · ... -0.7700 
slope= 9.64 ~ 10-2~8 -02 t-lh-1 (Q'=;a.0012) .n~s +mg o2 l-.l 
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Salinity o/oo .e-1 Chlorophyll a ~g 
1 Suspended Solids mg I: 




Salinity 0/00_1 Chlorophyll ~ µg l 
1 Suspended Solids mg .e-




-x a n 
5.65 0.22 6 
1. 25 o. 25 6 
7.18 0.52 6 
11.67 4.63 6 
12.67 0.24 6 
104. 97 1. 69 6 
1707; 1915; 2010 
DUSK 
i a n 
5.66 0.53 6 
1.17 0.13 6 
12. 62 1.31 4 
23.25 6.95 4 
12.08 0.21 6 
98.48 0.76 4 
1751; 1920; 2000 
INTAKE 
DAWN DUSK-DAWN COMMUNITY METABOLISM 
X a n 
4.78 0.17 6 0.87 DUSK-DAWN . 



















6 -0.35 -3.72% 
6 -0.48 (-·2. 72%)* 
0600; 0805 
OUTFALL 




















*% of change in water coll.DDn due to community metabolism calculated using DUSK-DAWN -- X 100 
[DO] diurnal curve 
Table 4.3.14. DECEMBER 1979 Community Metabolism of Array Stations. 
Station DISSOLVED OXYGEN COMMUNITY METABOLISM 
(mg 02 .e.-1) (mg 02 .e.-1) % of 
Water Column 
INTAKE 
DUSK DAWN DUSK-DAWN 
Pll 12.4 12.7 12.9 13.0 
SC2 12.5 12.8 13.2 13.1 
Pl2 12.8 13.1 13.4 13.1 
Pl5 14.5 13.0 13.2 13.0 
X 13.1 12.9 13.2 13.1 Inap~ropriate 
(J 1.0 0.2 0.2 0.1 
n 4 4 4 4 
Composite X 13.0 13.1 
(J 0.7 0.2 
n 8 8 
OUTFALL 
P04 12.3 11.0 11.7 
P05 10.8 11. 7 
P06 11.3 12.0 
P07 11. 7 11.9 
X 12.3 11.2 11.8 Inappropriate 
(J -·o 0.4 0.2 
n 1 4 4 
Composite X 11.2 11.8 
(J 0.4 0.2 
n 4 4 
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5.0. SYNTHESIS 
5.1. Temperature and Insolation 
Characterizing the aquatic ecosystem is most often carried 
out in stages, with varying degrees of emphasis placed on climatology, 
hydrography and circulation, and the populations which constitute 
the vari.ous trophic levels. Most recently, functional relat:lonships 
of the ecosystem have yielded to investigation. -In this preliminary 
study of community metabolism, the emphasis. bas o.eei.1.d:t:rected toward 
identifying the botn1dary conditions associated with. the open water 
using short..,term (diurnal) changes of dissolved oxygen as the primary 
indicator. 
For the aquatic ecosystem of the temperate zone oligohaline 
estuary, the annual cycle may be describe9 climatologically and 
conceptually sub-divid·ed along a gradient of conditions. As a first 
approximation, such meteorological parameters as insolation, rainfall, 
winds and temperature may be integrated over· time with their accumulated 
effects expressed as the ambient temperature of the waters.. This 
aggregation of environmental change may then '6e further utilized for 
defining representative periods for assessing th.e metabol:tsm of the 
aquatic community. 
Conmunity metabolism may best be dete.Dllined 1.mder· cond:ttions of 
maximtDD. changes in the content of dissolved oxygen in the waters over the 
course of the diumal cycle. Such conditions would lie expected during t:imes 
of high, but not inhibitory, insolation and when the water temperatures 
would be moderate and supportive of a vialile. pn.ytoplantcton '5.iomass. Thus, 
the seasonal times for selecting periods for establishing diurnal curves 
of dissolved oxygen are dependent on both.. insolation and temperature,· as 
indicated in Figure 5 .1 and Table 5 .1. Al though the model does· not 
precisely descrilie actual field data collected during 1979-1980 (Taole 5.2) 
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[GRANT, WOMACK & OLNEY, 1980], it is still useful for identifying 
times for sampling from the continuum of changing environmental 
condltions. For selecting boundary conditions which include maximal 
temperature and insolation [d], sampling in July to mid-~ugust would 
suffice; for minimal temperature and insolation [a,a' i sampling should 
be undertaken during the December-January period; for the co;d-warm 
transition period, with relatively high insolation [h], sampling in 
April would be appropriate; and for the warm-+ hot transition period, 
with high insolation [c], sampling should be carried out from mid-May 
to mid-June; and the warm -+ cold transition period with declining 
insolati.on [f], sampling should he during October-November. 
As previously stated, the October and December observations 
constituted control conditions. October ~as a period of intermediate 
insolation and high temperature when the electric power generating 
station was not operating and December was a cold temperature period 
when the community was functioning at its metabolic minimum. 
5.2. Model of Community Metabolism 
Among the specific objectives of this preliminary study was 
the quantifying of the oxygen minima and maxima during 2 seasonal periods. 
The changes in the oxygen balance during the diumal period (community 
metabolism) of observation may be generalized according to the following 
equations: 
Oxygen Production = [Photosynthesis + Mixing] T, hV, wind 
Oxygen Utilization= [Respiration+ Oxygen Demand]T 
Oxygen Balance = [Photosynthesis - Respiration+ Mixing -
Oxygen DemandJT, h.V, wind 




the depth of the water column and a diffusion term across theair/water 
boundary. However, an additional term for import or export of oxygen 
(advection) through water mass movements_ is further needed, as developed 
by Odum (1956) and utilized by Boynton, Kemp & Osborne (1978): 
where 
d02 
dt = pw - Rw + Ph - Rb - ~ + Az + Ai. + F 
Pw = photosynthesis of the plankton in the water.column 
Pb= photosynthesis of the benthic plants 
Rw = respiration of the plankton in the water column 
Rh= respiration of the oenthic prganisms 
1\i = respiration of the nekton 
Az = vertical oxygen transport in the water column 
Ai= oxygen imported or exported due to advection 
F = oxygen diffusion across the air/water interface 
[4] 
After adding the advection term, equations [1], [2], and [3] may 
be rewritten as:· 
Oxygen Production = [Photosynthesis + Mixing]T, hv, wind + [Advection] 1 
Oxygen Utilization = [Respiration + Oxygen Demand]T = [Advection]E 
Oxygen Balance = [Photo syn thesis]T, hV - [Respirationh, hv -
[Oxygen Demand]T - [M~ing]wind 
with the assumption that the import, [Advection]1 ·and export [Advection]E, 
of oxygen will be approximately the same order of magnitude during the 
term of a short series of observations. 
For the studies reported herein, the following components of 





Difference between water column maximum 
and minimum dissolved oxygen values 
Light/Dark Bottles 
Dark/Initial Bottles 





Neither wind effectij which were signifi.cant with causing 
aeration and suspension of particulates moni.tored witn. respect to 
quantifying and isolating specifi~ events·, nor were currents monitored 
with respect toward identifying imported water masses. 
With assmnptions that (1). the effects of w:tnd-induced mixing 
on community metabolism is approximately the same, at hoth. intake and 
outfall, (2) the import of oxygen advected into t~ syst.em·is equal 
to that being exported and (3) the rates of diffusion across the air /w.ater 
interface, at both. intake and outfall are tlie. same, then the differences 
between maximal and min:tmal quantities of dissolved· oxygen may be 
considered of biological consequence. 
S. 3. Analysis of Community Metanolism Model 
The diurnal curve measurements at tne. anchor stations provide 
the greatest detail of community metanolism. Parti.cularly, auring the 
warm temperature period {.Figures 4. 2.3 and 4. 2. 6 _I, there is a dissolved 
oxygen maximum in the late afternoon, and a min:ilnum in the early morning; 
inflections occur in late morning and late evening. Witn. imagination, 
such transitions may also be identified at the anclior stations. during 
the cold temperature period {Figures 4.3.4 and 4.3.7 }.. Wfien the 
dissolved oxygen obtained from the array stations. are superfmpos.ed· on 
the diurnal curves, the values, at times., are coincident (Figures 
4. 2. 8.A and 4. 2. 8.B). Throughout th.e intake,· however~ tne· dis·solved 
oxygen ' maximum is not reflected in the array -measurements at .dusk 
(Figure 4. 2.8.A). Thus, the dissolved oxygen· measurements of the intake. 
anchor stations reflect either spatial heterogeneity with. :respect to 
the community metabolism., or, quite possibly, the. advection of waters 
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with different metabolic populations. Accordingly, the advection terms 
of equations [1'] and [2'] are not nearly in balance. 
A full treatment of equation [3'] 1.s not in order because 
dissolved oxygen at the intake array stations during the October study 
does not clearly toll.aw the anchor station curves. Therefore, the · 
assumption that the·water masses advected into the study area aMe the 
same as those transported out is invalid. During. the December study, 
logi~tic difficulties precluded the attainment of replicate stations 
for appropriate analysis. 
A comparison of the various methods for productivity is 
sununarized in Table 5.3. During the October study, measurements at 
both the intake and outfall of the electric power generating s~ation 
yielded comparable values (Intake: 24.3 x 10-2 mg 02 t-lh-1; Outfall: 
22. 6 x 10-2 mg o2 l-
1h-l). The 6-hour daylight incubations at the 
anchor stations produced the highest values (24.3 x 10-2 mg o2 l-
1h-1) 
with the half-day incubations at the array stations yielding the same 
values within the limits of the technique employed (Intake: 18.29 x 10-2 
mg o2 t-lh-1; Outfall: 26.88 mg x 10-
2 mg o2 t-1hT1). Respiration 
values were relatively small at both intake and outfall. The. values 
for full day incubations were approximately the same at the intake and 
the outfall. Productivity over the full-day period yielded similar 
results, with the production at the intake (10.97 x 10-2 mg o2 t-l~l) 
the same as that of the outfall (10.89 x 10-2 mg o2 l-lh-1). 
When production and respiration were determined from the 
diurnal curves of dissolved oxygen at the anchor ·stations, the values 
for production (intake= 9.4 x 10-2 mg o2 .e_-lh-1; outfall= 10.2 x 
10-2 mg· o2 t-lh-1) and respiration (int~ke = 3. 8 x 10-2 mg t-
1h-l; 
outfall= 4.1 x 10-2 mg l-lh-1) were in close agreement with. each other. 
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'lhe data obtained from the intake array station (Pll) were also in close 
agreement with those of the intak.E: anchor station (SC2}; those data for 
the array stations closest to the electri~ power station intake (Pll 
and P15) were lower. The productivity measured at the near-station 
outfall (POl, P02, P03, P04 and P05) for the period when the power 
plant was not operational were in close agreement with both the outfall 
' . 
and intake anchor stations. The reasons for lower productivity near 
the .intake of the power station (Pl2 and PlSl are as yet unknown. 
The suitability of anchor station selection in both. the 
intake and outfall waters is indicated·.f>.y· the hydrography and the 
btological productivity, as measured during Octolier w'flen the electric 
power generating station was not operating. In both cases, the metabolic 
component of the oxygen content was estimated to be 15-16% of the total 
oxygen change in the water column; thus, other factors (advection and/or 
diffusion) account for the majority of the oxygen in the water column 
during the water temperature, moderate :tn.solation condition. 
During the December study,. tlie cold waters on the.· fntake· 
were supersaturated with.respect to dissolved oxygen· content and 
those at the outfall were near saturation (>93% saturation).. Thus, 
undertaking dissolved gas measurements in the. field is quite- difficult 
in the cold as well as at other times, as cautioned b.y Strickland 
and Parsons (1972): 
"{a) Supersaturation of samples witli. respect to d:tss.olved 
oxygen is a connuon occurrence in many fertile in.snore are.as in 
the spring and summer. Unless the water in tlie. HOD bottles 
is in equilibrium. (or preferably slightly undersaturated}: 
with. respect to oxygen, very serious eriCJrs can occur 6ecause 
of losses of oxygen by pli.ysical causes~ •• ~" 
Under the cold water condition, respiration was at a minimum 
because of temperature limitations. Productivity (<S·x 10~ mg .e.-·ln.-1). 
was at a minimum and just detectable td.tli. the. 6-nour incuoations- at the.· 
intake anchor station (SC2). Production at a single station in the out-
fall, as measured under adverse conditions was, however, inferred to be 
considerably greater from the diurnal curve constructed for the 6-hour 
incub~tions. A possible cause for thi~ greater production, an 8.22 fold 
increase relative to the intake anchor station, is that respiration was 
still depressed, even at the somewhat elevated temperature. Higher pro-
ductivity in the outfali anchor station (P04) was.consistent using all 
. thre~ measurements: frhour incubations, half-day and full-day incubations. 
The most salient feature was that the productivity was stimulated in the 
outfall waters with production at an hourly rate being comparable to the 
values obtained dqring the October study. Probably, the planktonic 
flora of. the water column had shifted to colder adapted popula~ions which 
could function quite well at low temperatures. 
Volumetric productivity {mg o2 t-lh-1) may be converted to its 
areal equivalent (mg o2 m-2h-1) by using the factor (1 g = 103 mg), dividing 
by the depth of the in .6Uu in~ubation, and integrating the productivity 
measurements eupho tic zone. A conversion to the areal carbon equivalent 
(mg C m-2h-l) may also be used using the.factor 1.25 moles of oxygen pro-
duced per mole of carbon fixed [RYTHER, 1956]. A conversion of vol1.DJ1etric 
productivity to areal productivity is listed in Table 5.4. 
The values obtained in this study are quite comparable to 
those reported for the Rhode and West Rivers [CORY, 1975] using a 
continuously operated monitor where the annual average daily net pro-
ductivity were 2.75 g o2 m-3d-1, the night respiration was 2.77 g o2 m-3d-l, 
and the P/R was in balance (0.99}. In October, productivity was 2.9 g 
o2 m-3d-l in the intake and 2.03 g o2 m-3d-1 in the outfall; in December, 
productivity was 0.23 g o2 m-3d-l in the intake and 2.05 g Oz m-
3d-l. 
In October, the P /R ratios for the intake (SC2). and outfall (P041 were 
2.83 and 1.5; 'both values are indicative of a eutrophic system •. 
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The objective to identify bomulary conditions of comm.unity 
metabolism during the two seasonal periods (.waDn temperature, moderate 
insolation and low temperature, low insolationl were attained and are 
presented in Table 5.5. 
In summary, the follow~g observations were noted on the 
community metabolism study in the vicinity of the C. P. Crane electric 
power generating station: 
1. In October, under :moderate temperature and in.solation 
cond~tions, when the electric power plant was non-
operative and strong winds were in effect: 
a. The hydrographic and productivity values .measured 
at the intake and outfall anchor stat ions w.ere 
comparable. 
h. The pr.oductivity was greater than respiration and 
community metabolism accounted for 15-16% of the 
changes in oxygen in the water column. 
c. The values at the 5 closest outfall array stations: 
(POl, P02, P03, P04,. P05) were comparable to the 
2 intake. array stations (Pll, SC2}. furthest from 
th.e electric power generating stations. 
d. Tne phytoplankton biomass at toe 2 distal outfall 
array stations (1>06, P07) was considerably greater 
tnan tlia.t of the 1nore prox:i!mal outfall statians. (rOl, 
P02,. P03, P04, POS}. 
e. Toe phytoplankton biomass (chlorophyll a) shot-led 
a close coupling w:ttli:. tidal periodic:t.ty at tli.e 
intake anchor s.tation, with highest biomass associated 
wi.tli. tU1es:· of ~h.. water· an.a. low:est liiQlllaas·· .at 
tilues of low- water~ 
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2.. In December» under cold temperature and minimal insolation, 
when the electric power station was operating, and in 
the presence of strong winds, and 111infmal water column 
depths: 
a. The h.ydrographic and productivi.ty values measured 
at the intake and outfall anchor station were no 
l~nger in balan.ce; higher· value$ were observed at 
the outfall for temperature, peytoplankton biomass 
(chlorophyll a) and productivity. 
T:i. The productivity at the intake. anchor station (SC2) 
was barely detectable with. certainty and accounted 
for <1% of the changes in dissolved oxygen o~ the 
water column; the productivity at tlie outfall 
anchor station (f04) was considerahly greater (8.22 
fold). than that at the intake anchor station (SC2), 
hut still acotmted for <5% of the change in 
dissolved oxygen of tne water column~ 
c. The phytoplankton biomass at the outfall array 
stati:ons was enhanced relatiYe to that of the intake. 
d. The P /R ratio of the outfall was high, indi.cat:t:ve 
of a eutrophication cond:t:tion. 
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Figure 5.1. Climatological model of the aquatic ecosystem of a temperate zone estuary. 
Insolation (hv) and water temperature CT} • stages (a-n diseussed in text and 
identified in Table 5.1. Temperature values for the vicinity of the C. P. Crane 
Electric Power Generating Station from Grant, Womack & Olney (1980}. 
Table 5.1. Climatological model of the aquatic ecosystem of a 
temperate zone estuary. 
Stage Phase of Continuum Temperature Duration 
Range [°C] Days 
a cold <0-5 90 
b * cold~ warm 5-20 45 
C * warm+ hot 20-25 30 
d * hot 25-30-25 90 
e· hot+ warm 25-20 15 
f *+ warm+ cold 20-5 60 
a' *+ cold 5-<0 30 
*Optimal Test Periods 
-+Observed Periods 
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Table 5.2. Temperatures of water columns for zooplankton stations 
sampled during 1979-1980 annual cycle.* 
INTAKE OUTFALL 
Pll, Pl5 POlt P02' P03, P04, P05* 
1979 - -X a n X a n 
28 March 9.23 0.59 3 28 March 13.52 0.20 5 
30 10.29 1.15 3 
10 April 8.93 0.47 3 11 April 14.13 1.40 5 
24 14. 72 o. 77 3 25 20.93 (1.08) 5 
10 May. 20. 73 o. 74 3 10 May 26.13 (0.74) 5 
24 20.79 0.43 3 25 24.35 (0. 86) 5 
31 20.2 1 
26 June 21.86 0.54 3 27 June 25.43 0.82 5 
?4 July 26.91 0.23 3 25 July 30.43 1.01 5 
22 Aug 22.92 0.62 3 23 Aug 26.92 0.14 3 
20 Sept 21.23 0.32 3 29 Sept 22.60 0.26 3 
22 Oct 17.47 1. 70 3 23 Oct 21.90 0.96 3 
21 Nov 10.38 0.63 3 17.Nov 13.50 1.50 3 
18 Dec 2.33 1.26 3 19 Dec 5.33 3.21 3 
1980 
17 Jan 4.50 0.71 2 17 Jan 6.82 1.25 3 
29 Feb 1.50 0.44 
19 Mar 6.47 1.19 19 Mar 9.52 0.86 3 
n represents mean temperature *station used for· calculations 
of water column when data for only 3 water 
columns was available 
*Grant, w·omack & Olq.ey, 1980 
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Table 5.3. Summary of gross productivity [mg o2 t-lh-1 x 10-2] 
for Intake and Outfall Array Stations. 
6-HOUR in .61.:tu INCUBATIONS 
DAYLIGHT 
INTAKE OUTFALL 
OCTOBER 24.3 22.6 
DECEMBER 3.29 (2. 99) 7 29.35 (2.·9o) 2 
HALF-DAY in .6.UU. INCUBATIONS 
DUSK-to-DAWN 
INTAKE OUTFALL 
OCTOBER o. 95 (0. 88) 8 0.68 (3. 47) 17 
DECEMBER -0. 20 (1. 88) 15 0.53 (1. 54) 6 
DAWN-to-DUSK 
INTAKE OUTFALL 
OCTOBER 18.29 (6.99) 8 26. 88 (7. 21) 8 
DECEMBER 3.57 (2.47) 6 29. 35 (2. 90} 2 
FULL DAY in .6lt.u INCUBATIONS 
DUSK-to-DUSK 
INTAKE OUTFALL. 
OCTOBER 10.97 (2.67) 8 10. 89 (.4. 50) 9 
DECEMBER 2.06 (1.33) 9 5.89 (0.82) 3 
DAWN-to-DAWN 
INTAKE OUTFALL 
OCTOBER 12. 97 (3.10) 8 9.57 (.3. 02) 8 
DECEMBER 2.14 (0.85) 9 4 .17 (1. 22) 3 
Values are i(a)n 
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Table 5. 4. Conversion of Volumetric Productivity (mg 02 t-lh-1) to Areal Productivity (g 02 m-2d-1}. 
Studl Site Volumetric Units Areal Units 
mg o2 t-1h-1x10-
2 g 02 m-3h-1 Day g 02 m-2d-1 Depth g 02 m-2d-1 g C m-2d-1 
h m 
&-Hour i.n .6.Uu Incubation 
OCTOBER 
Intake 24.3 0.243 9 2.19 2 4.37 1.64 
Outfall 22.6 0.226 9 2.03 2 4.07 1.53 
DECEMBER 
Intake 3.29 0.0329 7 0.23 2 0.46 0.17 
Outfall 29.35 0.2935 7 2.05 1 2.05 0.77 




Intake 0.95 0.0095 15 0.14 2 0.29 0.11 
Outfall 0.68 o. 006.8 15 0.10 2 0.20 0.08 
Dawn-to-Dusk 
Intake 18.29 0.1829 9 1.65 2 3.29 1.23 
Outfall 26.88 0.2688 9 2.42 2 4.84 1.82 
DECEMBER 
Dusk-to-Dawn 
Intake -0.20 -0.0020 17 -Q.03 2 .;.0.01 -0.03 
Outfall 0.53 0.0053 17 0.09 1 0.09 0.03 
Dawn-to-Dusk 
Intake 3.57 0.0357 7 0.25 2 0.50 0.19 
Outfall 29. 35 0.2935 7 2.05 1 2.05 0.77 
Table 5.5. Sutmnary of Boundary Conditions of th.e intake and outfall 
waters. 
October December 
Intake Outfall Intake Outfall 
Temperature [°C] 
Minimum 19.0 21.0 3.8 5.15 
Maximum 21.0 23.35 5.9 9.4 
b.T 2.35 3.9 
Insolation [Langley h-1] 
Maximum 50 45 45 45 
Duration (h) 11 11 9 9 
Dissolved Oxygen [mg t-1] 
Dawn 9.62 9.91 12.67 12.08 
Dusk 8.21 8.38 13.02 11.33 
~ 1.41 1.53 -0.35 0.75 
CODDDunity Metabolism 
% of Water Column 15.82 16.73 -3.72 6.60 
Productivity [mg o2 t-lh-1] 
[6h] Maximum 0.243 0.226 0.329 0.2935 
Productivity [mg o2 t-lh-1] 
[Half Day] Maximmn 0.1829 o. 2688 0.0357 0.2935 
Productivity (mg 02 l-lh-1] 
[Full Day] Maximum 0.1297 0.1089 0.0214 0.0589 
Oxygen Demand [mg o2 t-lh-1] 0.0204 0.0109 0.0083 0.0079 
143 
6.0. RECOMMENDATIONS FOR CONTINUING STUDIES 
6.1. Comm.unity Metabolism Studies at other Seasonal Periods 
Community Metabolism studies should be repeated at other 
seasonal periods with emphasis placed on diumal curves o:fi dissolved 
oxygen measurements of the water column and short term (6 h) curves at 
the anchor stations. The half-day productivity observations at dawn 
and dusk should also oe included at array statiqns but the 24 hour 
dawn to dawn or dusk to dusk measurements need not be emphasized. 
include: 
Other seasonal periods for measuring heat discharged should 
1. Early spring when ambient water temperature is 10-18°C, 
insolation period moderate (10-12 hours), and phyto-
plankton are rapidly growing (i.e., April-mid-May). 
2. Late spring when ambient water temperature is 18-25°C, 
insolation period long (12-14 hours) , and phytoplankton 
biomass is near its maximum and growth rate~ are 
maximal (i.e. , mid-may - mid-June) • 
3. Summer when ambient water temperature is high (25-30°C), 
insolation period is long (12-14 hours) and phytoplankton 
biomass is at its maximum (mid-July-September). 
4. Early autumn when ambient water temperatures are below 
the maximum (i.e. 20-28°C), insolation period is shortened 
(10-12 hours) and phytoplanktonic biomass is dropping 
to less than the maximum (i.e., October). 
6. 2. Oxygen Analysis in P.roductivity Experiments 
The physical processing of almost 800 tubes for productivity 
measurements in small vessels, and the associated lag time for transport 
and titration, leave much room for uncertainty and possible error, 
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particularly with respect to some of the small values measured. 
Greater precision and accuracy would result with more iDDnediate 
processing of productivity oxygen with polarographic electrodes in the 
field. Such an alternative would necessitate an additional dissolved 
oxygen meter and two stirring probes for each vessel. However, the 
greater precision attained and the processing time saved would far 
offset the additional expense of the probes and.meters. 
6. 3. Alternative to Suspended Solids Measurements 
The analysis of suspended particles requires a large 
expenditure of effort for the resulting information attained. A 
most suitable alternative would be a nephelometric analysis for turbidity 
in the field. Although such data may not necessarily be as useful as 
suspended solid collection, if particulate analysis or chemical 
composition is desired at some later time, for this particular study, 
turbidimetric analysis would undoubtedly suffice. Turhidimetric analysis 
with appropriate selected suspended solids data collection is encouraged 
for future studies. 
6.4. Temperature and Dissolved Oxygen Continuous MonUoring 
During periods of high comml.lllity metaoolism., continuous 
measurement of dissolved oxygen in both the intake and outfall waters 
would be most advantageous for identifying spec:tfic clianges as a 
consequence of changing meteorology. Over a longer period, i.e. 72 
hours during periods of rapidly changing meteorology, the magnitude of 
responsives of the comm.unity to environmental conditions· (1:tght, 
temperature, tidal effects) may be identified more precisely. 
6.5. Tide Stage Analysis 
The collection of tide data with a recording tide guage 
is suggested for at least one location (i.e. intake anchor station). 
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The tide height data collected is relatively subjective in the shallow 
waters with a relatively high wave amplitude and difficult, if not 
hazardous, at night. In addition, the effects of high winds may 
potentially be resolved from tidal associated phenomena. 
6. 6. Local Wind Analysis 
Although wind measurements are collected during t~e study, 
the effects of winds blowing for longer periods .could be better 
ider;itified with a brief (72 hour) historical perspective, in the 
immediate vicinity, especially in periods of rapidly changing 
meteorology typical of spring and autumn. Such data could readily be 
attained with a recording anemometer. 
6.7. Current Direction and Velocity Data and Diffusion Studies 
The measurement of current direction and velocity at the 
anchor stations would aid in identifying and interpreting wind and 
tide associated effects on the community oxygen balance and the import 
of oxygen-rich Bay waters into the tidal creek system. 
6.8. Diffusion Studies 
Measurements for determining the diffusion of oxygen across 
the air - water interface with the plastic dome teclmique should be 
relegated to a low priority. With respect to the information gained, 
and the restriction of vessel maneuverability, these data are quite 
tedious to obtain, and replication is not practicable, under the present 
conditions. Reasonahle estimates, based on literature values (l30YN_TON 
et al., 1978) should be used for simulations. These data would oemore 
meaningful with associated current direction and velocity data. 
146 
7 • 0. ACKNOWLEDGMENTS 
The. inves.tigato:r ack.n.owledgea witii de.ep appreciation. the 
efforts of his associates. Partkular appreciation is. expres.sed to 
his colleague, J. Ernest Wari:nner, I:II:, for his devoted service, both. 
in the fi.eld and laboratory, and to B.ruce A. Keafer and Ann S. Evans 
for laboratory assistance; to Robert A. Jordan and George C. Grant 
for helpful discussions; to Kay B.. Stubblefield. fear drafting the 
figures; and to Linda L. Jenk:tns· for typ:illg the manuscr:tt,t. 
,. Samuel P. Downing, J. David Rowe, James: R. Green, and Charles. 
E.. Sutton participated in tb.e field collection and Susan C. Sturm and 
Pamela B.. South assisted ritb. laboratory analysis. 
147 
8.0. REFERENCES 
America! Public Health Association. 1975. Standard Methods for the 
Examination of Water and Waste Water. 14th Edition. 
Binkerd, R. C., R. G. Johnston & J. K. Comeau. 1978. Physical impact 
evaluation of the heated discharge from the C. P. Crane 
Generating Station. 163 pp. Aquatec, Inc. 
Boynton, W.R., w. M. Kemp, C. G. Osborne and W.R. Kawneyer. 1978. 
Metabolic characteristics of the water column, benthos and 
integral connnunity in the vicinity of Calvert Cliffs, 
Chesapeake Bay. Volume I. Chesapeake Biological 
Laboratory UMCEES 78-139 CBL. 
Boynton, W. R., W. M. Kemp and C. G. Osborne. 1978. Synthe~is of 
reported measurements for metabolism of aquatic ecological 
connnunities. Appendix 2. in "Metabolic characteristics of 
the water column, benthos and integral connnunity in the 
vicinity of Calvert Cliffs, Chesapeake Bay. (Boynton, W. R., 
W. M. Kemp, C. G. Os.borne and W. R. Kaumeyer) CBL-CEES-UMd. 
UMCEES 78-139 CBL. 
Cory, R. L. 1974. Changer;; in oxygen and primary production of the 
Pa tuxen t Estuary, Mary land, 19 63 througli 19 69. Chesapeake 
Science 15: 78-83. 
Cory, R. L. 1975. Estimates of open water oxygen metaTiolism in the 
Rhode and West River estuaries, MQ'yland. 10 European 
Symposium on Marine Biology Ostend, Belgium.. Vol. 2, 179-195. 
Cory, R. L. 1978. Open-water metabolism in the Rhode River Estuary, 
Md. 1971-1975. 567-580. Coastal Zone t78. Vol. 11. Am. 
Soc. Civil Engin., New York. 
148 
Cory, R. L. and P. V. Dresler. 1980. Nine years of diel oxygen 
variations in the Rhode River estuary, Maryland. 
[Manuscript] 
Grant, G. C. and S. P. Berkowitz. 1979. An environmental assessment 
of the summer plankton in the vicinity of the C. P. Crane 
Generating Station. 72 pp. Virginia Insti.tute of Marine 
Science. Gloucester Point, Va. 
Grant, G. C., K. Womack and J. Olney. 1980. Zooplankton of the waters 
adjacent to the C. P. Crane Qenerating Station. August 1980. 
133 pp. Virginia Institute of Marine Science, Gloucester 
Point, Va. 
Kemp, W. M. and W. R. Boynton. 1978. Influence of biological and 
physical factors on dissolved oxygen dynamics in an estuarine 
system. Appendix I. in 11Metabolic characteristics of the 
water column, benthos and integral community in the vicinity 
of Calvert Cliffs, Chesapeake Bay. (B.oynton, W. R., W. M. 
Kemp, G. C. Osborne and W. R. Kaumeyer) CBL-CEES-U.Md., 
UMCEES 78-139 CBL. 
McKeller, H. R., Jr. 1975. Metabolism and models of estuarine bay 
ecosystems affected oy a coastal power plant. 270 pp. 
Ph.D. Dissertation, University of Florida, Gainesville, Fla. 
75-23,906. 
McKellar, H. N., Jr. 1977. Metabolism and model of an estuarine 
bay ecosystem affected b.y a coastal power plant. Ecological 
Modelling 3: 85-118. 
Nichols, B. L., R.R. Anderson, W. C. Banta, E. J. Forman and S. H. 
Bontwell. 1979. Evaluation of the effect of the. thermal 
discharge on the submerged aquatic vegetation and associated 
149 
fauna in the vicinity of the C. P. Crane Generating Station 
Final Report, Power Plant Siting Program Contract P33-79-02. 
December 1, 1979. 
NOAA. 1979. 
a. Tidal Tables 1979. High and Low Water Predictions. East 
Coast of North and So1,1th America including Greenland. U.S. 
Department of Commerce, National Oceanic and Atmospheric 
Administration. National Ocean Survey. 293 pp. 
b. Tidal Current Tables 1979. Atlantic Coast of North America. 
U.S. Department of Connnerce, National Oceanic and Atmospheric 
Administration, National Oce~ Survey. 218 pp. 
IU,aqx, c. and J. Douville. 1980. Short-term variations in phytoplankton 
biomass in a tidal estuary in Northern Brittany. Estuar • 
. Coastal Marine Sci. 10: 88-92. 
·Ryther, J. H. 1956. The measurements of primary productivity. 
Limnol. O<reanogr. _!: 72-84. 
Sellner, K. G. 1979. Phytoplankton productivity and biomass, nutrient 
concentration in th.e vicinity of the C. P. Crane Power Plant. 
November. Interim Report No. 79-32. 30 pp. Academy of 
National Sciences of Philadelphia. 
Strickland, J. D. H. and T. R. Parsons. 1972. A practical handbook 
of seawater analysis. 2nd Ed. Bull. Fish. Res. Board Can. 
Vo+• 167, 311 p. 
Truesdnle~. G. A., A. L. Downing & G. E. Low.den. 1955. The solubility 
of oxygen in pure water and sea water. J. Appl. Chem. 5: 
53-62. 
]50 
